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APPEAL BRIEF 

Sir: 

Applicant hereby appeals the final rejection of claims 17-20, 23-26, 31 and 33- 
35, in the Office Action dated February 23, 2009, and submits the present Appeal 
Brief pursuant to 37 CFR § 41 .37. 
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(1) REAL PARTY IN INTEREST 

The following are the real parties in interest: 

UNIVERSITE LOUIS PASTEUR, 4, RUE BLAISE-PASCAL, STRASBOURG, 
FRANCE 67000; 

INSTITUT NATIONAL DE LA SANTE ET DE LA RECHERCHE MEDICALE 
(INSERM), 101, RUE DE TOLBIAC, PARIS CEDEX 13, FRANCE 75654; and 

HOPITAUX UNIVERSITAIRES DE STRASBOURG, 1, PLACE DE 
L'HOPITAL, B.P. 426, STRASBOURG CEDEX, FRANCE 67091, 

by way of an Assignment from the appellants, recorded in the U.S. Patent and 
Trademark Office on April 18, 2005, at Reel 016935, Frame 0676. 
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(2) RELATED APPEALS AND INTERFERENCES 

The appellant, the appellant's legal representative, and the assignees are not 
aware of any related prior or pending appeals or interferences or judicial proceedings 
which will directly affect or be directly affected by or have a bearing on the Board's 
decision in this appeal. 
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(3) STATUS OF THE CLAIMS 

Independent claim 17, and dependent claims 18-20, 23-26, 31 and 33-35, are 
pending. 

Independent claim 17, and dependent claims 18-20, 23-26, 31 and 33-35, 
have been finally rejected. 

The application was filed with claims 1-16, which were canceled by way of a 
Supplemental Amendment filed April 18, 2005, which added new claims 17-37. 

Claims 17, 33, 34 and 35, were amended, and claims 21, 22, 27-30, 32, 36 
and 37, canceled, without prejudice, in an Amendment filed April 16, 2007. Claim 17 
was further revised, without prejudice, in an Amendment filed September 6, 2007. 
Claim 17 was further revised, and new claims 38-52 added, without prejudice, in an 
Amendment After Final Rejection filed January 10, 2008. 

Claim 17 was revised and claims 38-52 canceled, without prejudice, in an 
Amendment filed April 22, 2008. Claim 17 was again revised, without prejudice, in an 
Amendment filed November 27, 2008. 

Independent claim 17, and dependent claims 18-20, 23-26, 31 and 33-35, 
have been rejected in the Office Action of February 23, 2009 and are the subject of 
the present appeal. 

A copy of all the rejected claims 17-20, 23-26, 31 and 33-35, i.e., the claims 
involved in the appeal, is attached as a Claims Appendix, pursuant to Rule 
41.37(c)(1)(viii). 
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(4) STATUS OF THE AMENDMENTS 

No amendments have been filed subsequent or in response to the Final 
Rejection of February 23, 2009. 
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(5) SUMMARY OF CLAIMED SUBJECT MATTER 

Pursuant to 37 CFR § 41 .37(a)(2)(v), the following is a concise explanation of 
the subject matter defined in each of the independent claims involved in the appeal, 
which shall refer to the specification by page and line number, and to the drawing, if 
any, by reference characters. 

Claim 17 is the only independent claim of the claims on appeal. 

Independent claim 17 defines a method for treating a kidney cancer (see for 
example, independent claim 17, page 6, lines 5-12 and 18-19 of the specification as 
well as originally-filed claim 1) which involves the administration to a subject of an 
effective dose of a PTHrP antagonist (see for example, independent claim 1 7, page 
6, lines 9-10 of the specification as well as originally-filed claim 1) for inhibiting or 
decreasing a tumor growth (see for example, independent claim 1 7, page 6, lines 
13-17 of the specification as well as originally-filed claim 3) or a pharmaceutical 
composition containing it (see for example, independent claim 17, page 6, line 32 
through page 7, line 2 of the specification), said PTHrP antagonist being an anti- 
PTHrP antibody (see for example, independent claim 17, page 7, lines 7-10 and 30- 
33 of the specification as well as originally-filed claims 5 and 12) that binds amino 
acids 34-53 of PTHrP (see for example, independent claim 17, page 9, lines 10-15 of 
the specification). 

The details of dependent claim 18 finds support, for example, at lines 5-8 on 
pages of the specification. 
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The details of dependent claim 19 find support, for example, on page 6, lines 
9-12 of the specification. 

The details of dependent claim 20 find support, for example, on page 6, lines 
1 1 -1 2 of the specification. 

The details of dependent claim 23 find support, for example, on page 6, lines 
27-29 of the specification. 

The details of dependent claim 24 find support, for example, on page 7, lines 
7-8 of the specification. 

The details of dependent claim 25 find support, for example, on page 7, lines 
9-10 of the specification. 

The details of dependent claim 26 find support, for example, on page 7, lines 
9-1 0 of the specification. 

The details of dependent claim 31 find support, for example, on page 7, lines 
30-32 of the specification. 

The details of dependent claim 33 find support, for example, on page 7, lines 
33-34 of the specification. 

The details of dependent claim 34 find support, for example, on page 8, lines 
26-30 of the specification. 

The details of dependent claim 35 find support, for example, on page 8, lines 
30-31 of the specification. 
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(6) GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The following ground of rejection is presented for review: 
Whether the invention of claims 17-20, 23-26, 31 and 33-35, are supported by 
an adequate written description, as required by 35 U.S.C. § 1 12, first paragraph. 
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(7) ARGUMENT 

The claimed invention is adequately described by the present specification, 
and the rejection of clainns 17-20, 23-26, 31 and 33-35 under 35 U.S.C. § 112, first 
paragraph, should be reversed. Consideration of the following and attached in this 
regard is requested. 

The Examiner has asserted, as the basis for the rejection, that the "genus" of 
antibodies included in the method of independent claim 17 (i.e., "an anti-PTHrP 
antibody that binds amino acids 34-53 of PTHrP" (emphasis added)") are allegedly 
not described in the specification. 

One of ordinary skill in the art will appreciate from a review of the specification, 
as well as the advanced level of skill in the art and the evidence of record, that the 
applicants were in possession of the claimed invention at the time the application was 
filed. 

The specification describes anti-PTHrP (34-53) antibodies, as required by the 
claimed invention. 

One of ordinary skill will appreciate that a description of an "anti-PTHrP (34- 
53) antibody" refers generally to an antibody that binds residues 34-53 of PTHrP. 
The following evidence is submitted in support of the general nature of such a 
disclosure and the general understanding of one of ordinary skill in the art: 

(a) Okada et al "Immunohistochemical Localization of Parathyroid Hormone- 
related Protein in Canine Mammary Tumors" Vet Pathol 34: 356-359 (1997) (copy 
attached as Evidence Appendix (a)) (describing an antibody to "PTHrP (1-36)" (page 
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356 right column), the use of a "commercially available rabbit-derived anti-PTHrP 
(34-53) antibody" (id^), and the N-terminus (1-36) and midregion (36-1 1 1) of PTHrP); 

(b) Verheijen et al, "Parathyroid hormone-related peptide (PTHrP) induces 
parietal endoderm formation exclusively via the Type I PTH//PTHrP receptor" 
Mechanisms of Development 81 (1999) 151-161 (copy attached as Evidence 
Appendix (b)) (describing the N-terminus of PTHrP as "PTHrP (1-34)" ( see page 151 , 
left column), the use of the N-termlnal fragment "PTHrP(1-34)" and full length version 
"PTHrP(1-141)" (see page 152, right column), and fragments spanning amino acids 
67-86, 67-94 and 107-139 as "PTHrP(67-86)", PTHrP(67-94)" and "PTHrP(107-139)", 
respectively (see page 153, left column and Figure 1 , and the "Materials" section on 
page 158 which describes the source of peptides and antibodies)); 

(c) Thorikay et al., "Synthesis of a gene encoding parathyroid hormone-like 
protein-(1-141): purification and biological characterization of the expressed protein" 
Endocrinology, Vol 124, 1 1 1-1 18 (1989) (abstract) (copy attached as Evidence 
Appendix (c)) (describing "PTHLP" as a 141 amino acid protein designated "PTHLP- 
(1-141)"); 

(d) Fenton et al., "A carboxyl-terminal peptide from the parathyroid hormone- 
related protein inhibits bone resorption by osteoclasts." Endocrinology. 1991 

Oct;1 29(4): 1762-8 (Abstract) (copy attached as Evidence Appendix (d)) (describing a 
carboxy fragment of PTHrP as "PTHrP-(107-139)" ); 

(e) Santos et al "Up-regulation of parathyroid hormone-related protein in folic 
acid-induced acute renal failure" Kidney International, vol. 60 (2001), pp 982-995 
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(copy attached as Evidence Appendix (e)) (describing "anti-PTHRP antibody Ab-2 
(Oncogene, Uniondale, NY, USA), [as] recognizing tine sequence 34 to 53 of liuman 
and rat PTHrP" on page 983); 

(f) Garcia-Ocana et al "Cyclosporine increases renal parathyroid hormone- 
related protein expression in vivo in the rat" Transplantation, vol 65, 860-863, No. 6, 
March 27, 1998 (copy attached as Evidence Appendix (f)) (describing "anti-PTHRP 
antibody Ab-2 (Oncogene, Uniondale, NY ), [as] recognizing the sequence (34-53) of 
human and rat PTHrP" on page 861 ); and 

(g) Richard, et al. "Humoral Hypercalcemia of Malignancy, Severe Combined 
Immunodeficient/Beige Mouse Model of Adult T-Cell Lymphoma Independent of 
Human T-Cell Lymphotropic Virus Type-1 Tax Expression" Am J Pathol. 2001 June; 
158(6): 2219-2228 (copy attached as Evidence Appendix (g)) (describing "polyclonal 
rabbit anti-PTHrP (PTHrP amino acids 34 to 53) (1 :100, Ab-2, Oncogene Research 
Products, Cambridge, MA)"). 

Each of the above-noted references describes fragments of PTHrP by the 
amino acid positions, in parentheses, in a manner similar to the applicants disclosure 
and claims. 

The following further references, for example, similarly describe fragments of 
PTHrP: 

(h) Burton et al., "Parathyroid hormone related peptide can function as an 
autocrine growth factor in human renal cell carcinoma" 1990, Biochemical and 
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Biophysical Research Communications, Vol. 167, No. 3, pages 1134-1138 (copy 
attached as Evidence Appendix (h)); 

(i) Ogata et al (EP1 197225) (copy attached as Evidence Appendix (i)); 

G) Hoare et al "Specificity and stability of a new PTH1 receptor antagonist, 
mouse TIP(7-39)" Peptides, 2002, vol 23, No. 5, pp 989-998 (copy attached as 
Evidence Appendix (j)); and 

(k) Sato et al (U.S. Patent No. 6,903,194) (copy attached as Evidence 
Appendix (k)). 

Sato et al describes "Humanized anti-PTHrP (1-34) Antibody" in Figures 13 

and 14. Moreover, Sato et al describes the use of a fragment "[PTHrP(1-34)]" as an 

antigen to produce antibodies as follows: 

"PTHrP used for the immunization of animals includes 
peptides having the whole or part of the amino acid 
sequence of PTHrP prepared by recombinant DMA 
technology or chemical synthesis, and PTHrP derived 
from supernatants of cancer cells causing hypercalcemia. 
For example, a peptide [PTHrP(1-34)] comprising the 1st 
to 34th amino acids of the known PTHrP (Kemp, B. E. et 
a!., Science (1987) 238, 1568-1570) may be used as the 
antigen." See column 7, lines 48-55 of Sato. 

Sato et al exemplifies therefore the general understanding of one of ordinary 

skill in the art that an "anti-PTHrP (1-34) antibody" is a general description of an 

antibody which binds to the PTHrP (1-34) fragment. The general understanding is 

not specific to the fragment of amino acids 1-34 of PTHrP but will be understood to 

be generally applicable to a description of other enumerated fragments. 
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Further, Sato describes antibodies binding liuman PTHrP as "anti-liuman 
PTHrP antibodies" and generally antibodies which bind PTHrP as "Anti-PTHrP 
Antibody". See column 10, last line, column 22, line 56, and, for example, column 
23, lines 25 and 37-38 of Sato. 

One of ordinary skill in the art will appreciate that "an anti-PTHrP (34-53) 
antibody" is a general recitation and description of an antibody which binds to the 
fragment of PTHrP spanning amino acids 34-53. 

The present specification describes the following as examples of an anti- 
PTHrP antibody which may be an antagonist according the disclosed invention: the 
anti-PTHrP(1-34) antibodies (human, rat) of Bachem (Bachem Biochimie Sari, 
Voisins-le-Bretonneux, France), the anti-PTHrP(34-53) antibody (Ab-2, human) of 
Oncogene (France Biochem, Meudon, France), the antibody #23-57-137-1 
(described in particular in the patent application EP1 197225) and the anti- 
PTHrP(107-139) antibody (human) obtained by conventional methods of antibody 
preparation. See page 9, lines 10-15 of the present specification. One of ordinary 
skill in the art will further appreciate from, for example, page 21 , line 31 ("anti-PTHrP 
(34-53)"), page 17, lines 25-28 ("The anti-PTHrP(34-53) antibody (Ab-2, human) was 
obtained from Oncogene (France Biochem, Meudonm France) and the anti- 
PTHrP(107-139) antibody (human) was a gift of Dr. P. Esbht (Fundacion, Jimenez 
Diaz, Madrid, Spain)") and page 27, line 1 ("Int. region: anti-PTHrP (34-53) antibody 
(Ab-2, Oncogene) 2 \iglvn\") of the specification, that the present specification 
describes the use of anti-PTHrP antibodies from a number of sources as 
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exemplifications of anti-PTHrP antibodies wliicli bind to tine amino acid fragment 
described numerically in parentheses (i.e., fragments of PTHrP spanning amino acids 
34-53 and 107-139 in the above-noted passages). 

The claims on appeal relate to an anti-PTHrP antibody binding the specified 
fragment of the claims. The specification describes a number of PTHrP antagonists 
useful in the disclosed invention. 



The Examiner is of the view that the present disclosure provides a written 
description for a "genus" of anti-PTHrP antibodies and a specific species of the 
"subgenus" of the anti-PTHrP antibodies of the claims, without describing the 
subgenus of the claims. The Examiner is further understood to believe that the 
specification only describes a commercially available species of the claimed 
"subgenus", i.e., Ab-2 from Oncogene (which is believed to now be available from 
CALBIOCHEM EMD Chemicals under the name "Anti-PTHLP (Ab-2) (34-53) Rabbit 
pAb" ). 

The Examiner is believed to have agreed during the interview of October 28, 
2008, that the specification teaches a peptide fragment of PTHrP spanning amino 
acids 34-53 as an antigen to which an anti-PTHrP antibody can be made to bind.^ 

The Examiner is believed to have agreed during the interview that an antibody which 
binds to a fragment of PTHrP spanning amino acids 34-53 would be reasonably 

^ See page 9 of the Remarks of the Amendment filed November 27, 2008, subsequent to the 
Examiner Interview, wherein a similar summary was provided. This summary of the Examiner 
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referred to as an anti-PTHrP (34-53) antibody.^ The Examiner is believed to have 
agreed during the interview that the specification, taken with the generally advanced 
level of skill in the art, teaches one of ordinary skill in the art how to make and use an 
anti-PTHrP (34-53) antibody according to the claimed invention.^ 

The applicants have presented evidence in the form of a Declaration of 
MASSFELDER executed February 14, 2008 in this regard (copy attached as 
Evidence Appendix (I)). More specifically, the Declaration of MASSFELDER 
executed February 14, 2008, describes production of two further distinct monoclonal 
anti-PTHrP (34-53) antibodies, called PTH1 H413 and PTH2 El 131 which 
demonstrated in vivo antitumoral effect, as was demonstrated with the exemplified 
antibody in Figures 4, 6 and 8 of the specification. 

The Examiner believes however that the specification fails to describe the 
claimed method wherein the PTHrP antagonist is an anti-PTHrP (34-53) antibody. 

Antagonists are further described in the specification as including a 
compound, such as an anti-PTHrP antibody, which inhibits the binding of a ligand, 
such as PTHrP, to a PTHrP receptor. Examples of anti-PTHrP antibodies include 
antibodies such as a humanised antibody, a human antibody, a chimeric antibody, an 
antibody (such as the antibody #23-57-137-1 (which binds PTHrP(1-35) obtained 
from a hybridoma (such as the hybridoma #23-57-137-1) or a fragment of an anti- 
PTHrP which inhibits binding of a ligand to the receptor and/or a modified form of 

Interview by the appellant has not been corrected by the Examiner in subsequent actions in the 

record. 

^Seefn. 1. 
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such a fragment. The antibody can be polyclonal or monoclonal. See page 8, lines 
23-31 and page 9, lines 4-9 of the specification. 

The present specification describes the following as examples of an anti- 
PTHrP antibody which may be an antagonist according the disclosed invention: the 
anti-PTHrP(1-34) antibodies (human, rat) of Bachem (Bachem Biochimie Sari, 
Voislns-le-Bretonneux, France), the anti-PTHrP(34-53) antibody (Ab-2, human) of 
Oncogene (France Biochem, Meudon, France), the antibody #23-57-137-1 
(described in particular in the patent application EP1 197225) and the anti- 
PTHrP(107-139) antibody (human) obtained by conventional methods of antibody 
preparation. See page 9, lines 1 0-1 5 of the present specification. 

The specification further describes the use of fragments of PTHrP as antigens 
to produce anti-PTHrP antibodies in mammals, such as a rodent (e.g., mouse, rat or 
hamster), a rabbit or a monkey. See page 9, line 29 through page 10, line 4 of the 
specification. Production of anti-PTHrP antibodies from human cells is also 
described. See page 1 1 , lines 16-26 of the specification. Recombinant anti-PTHrP 
antibodies are described. See page 1 1 , line 27 through page 1 2, line 2 of the 
specification. 

Page 14, lines 12-14 of the specification describes the results of Figure 4 of 

the specification as showing the "effect of the antibodies against the various regions 
of PTHrP on the proliferation of the tumor cells 786-0 in vitro measured by the 



^ See fn. 1 . 
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number of cells... ". As noted in the following reproduction (emphasis added), Figure 
4 describes these "regions" as "N-term", "Region int" and "C-term". 



Number of cells Incorporation of BrdU 




Figure 4, as well as Figures 6 and 8, of the specification describe the effect of 
binding to regions, as opposed to the binding of specifically exemplified antibodies. 

One of ordinary skill in the art would not interpret Figure 4 of the specification, 
or any other aspect of the specification, to describe only a specific effect of a 
commercially available antibody used by the applicants to exemplified their claimed 
Invention. One of ordinary skill In the art would not believe from a review of the 
specification that the applicants invention requires the use of only the commercially 
available antibody used by the applicants to exemplify their disclosed invention. 

The specification further defines the regions of Figure 4 as follows (see page 
26, line 33 through page 27, line 2 of the specification): 

"N-term: anti-PTHrP(1-34) antibody (Bachem) 1.5 pg/ml 
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Int. region: anti-PTHrP (34-53) antibody (Ab-2, Oncogene) 
2 |jg/ml 

C-term: anti-PTHrP(107-139) antibody (P. Esbrit, Madrid, 
Espagne) 5 |jg/nnl" . 

One of ordinary sl<ill in tine art will appreciate that Figure 4 of the specification 
describes results of antibodies binding to regions of PTHrP generally, which are 
described as being applicable to any anti-PTHrP antibody binding the noted region of 
PTHrP, and are considered a demonstration of the applicants invention. 

Figure 6 of the specification similarly describes results relating to anti-PTHrP 

antibodies which bind to regions "N-term" (i.e., PTHrP(1-34)), "Region Int." (i.e. 

PTHrP (34-53)), and "C-term" (i.e., PTHrP(107-139)) of PTHrP. The corresponding 

description of the specification (i.e., page 27, lines 14-23) describes the general 

applicability of the results of Figure 6 as representing 

"the effect of the antibodies directed against the different 
regions of PTHrP on the proliferation of the UOK-126 
tumor cells in vitro ..." (emphasis added). 

One of ordinary skill in the art will appreciate that Figure 6 of the specification 
describes results of antibodies binding to regions of PTHrP generally, which are 
described as being applicable to any anti-PTHrP antibody binding the noted region of 
PTHrP, and are considered a demonstration of the applicants invention. 

Figure 8 of the specification similarly describes results relating to anti-PTHrP 
antibodies which bind to regions "N-term" (i.e., PTHrP(1-34)), "Region Int." (i.e. 
PTHrP (34-53)), and "C-term" (i.e., PTHrP(107-139)) of PTHrP. The corresponding 
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description of the specification (i.e., page 28, lines 1-12) describes tine general 

applicability of the results of Figure 8 as representing 

"the effect of the antibodies directed against the different 
regions of PTHrP on the proliferation of the UOK-128 
tumor cells in vitro ..." (emphasis added). 

One of ordinary skill in the art will appreciate that Figure 8 of the specification 
describes results of antibodies binding to regions of PTHrP generally, which are 
described as being applicable to any anti-PTHrP antibody binding the noted region of 
PTHrP, and are considered a demonstration of the applicants invention. 

The applicants submit that one of ordinary skill in the art will appreciate, from 
the whole of the specification, that the applicants were in possession of the claimed 
invention, relating to the use of an anti-PTHrP (34-53) antibody. The specification is 
not limited to the specific Ab-2 anti-PTHrP (34-53) antibody used in the examples. 



The Examiner relies on In re Smith 173 USPQ 679 (CCPA 1972) (copy 

attached as Evidence Appendix (m)) for the assertion that 

"It cannot be said that a subgenus is necessarily 
described by a genus encompassing it and a species 
upon which it reads." See page 4 of the Office Action 
dated August 1 , 2008. 

The Examiner's reliance on In re Smith is misplaced. Consideration of the 

following in this regard is requested. 
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The claims under consideration in In re Smitli included the following recitation 

of an organic compound for treating the surface of a pigment to be used in an 

emulsion coating composition: 

"said organic compound being a monomeric organic 
compound characterized by at least one non-polar organic 
hydrophobic group containing at least 8 carbon atoms In a 
hydrocarbon structure, which group In the form of Its 
monocarboxyllc acid" see 173 USPQ 680. 

The Issue in In re Smith was whether an earlier-filed application provided 

written description support to antedate a reference. The Smith court summarized 

from the findings of the Board below which found the earlier filed application failed to 

"mention ... the requirement that the coating compound 
must be a monomer having at least 8 carbon atoms in its 
hydrophobic moiety, and that more than one polar group 
was contemplated, all of which is recited in claim 1." See 
173 USPQ 682. 

The Board rejected the appellants assertions that the following generic 

disclosure supported the claimed recitation: 

"The treatment of pigments with polar agents Is not new 
per se and can be accomplished by several methods 
employing a variety of effective compounds. In general 
these methods Involve surface coating the pigment with 
an oil soluble polar organic compound. Among the polar 
organic compounds are acidic resins, water soluble 
resinates, water insoluble metallic resinates, long chain 
fatty acids, their salts and soaps, benzene carboxylic acid 
and Its salts, naphthenic acids and their soaps and salts, 
catlonic active agents, e.g., alkyi amine salts and 
quaternary ammonium compounds containing at least 12 
carbon atoms In an alkyI group or groups, e.g., lauryl 
pyrldlnlum bromide, and long chain (at least 12 carbon 
atoms) fatty acid-containing organic Werner complexes." 
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Id, 



The appellants unsuccessfully argued that 

"It is obvious that the surface coating organic compounds 
recited in the foregoing paragraph are monomeric, have a 
hydrocarbon structure of at least 8 carbon atoms, except 
for benzene carboxylic acid which contains six carbon 
atoms in a hydrocarbon group, and contain at least one 
carboxy or carboxylate group. If appellant's claims had 
been drawn more broadly, they would be supported by the 
parent application. They can be described as subgeneric 
claims because they delineate the invention more 
specifically by reciting that the organic material used to 
coat the pigment is monomeric, contains at least 8 carbon 
atoms and at least one carboxy or carboxylate group." Id. 

The disclosure considered in In re Smith therefore did not contain any written 

description support for the claimed compounds of "at least 8 carbon atoms" of the 

claims. Rather, the disclosure considered in In re Smith contained a disclosure of "at 

least 12 carbon atoms" which the appellants argued supported the lesser inclusive 

range of the claimed. In affirming the Board, the Smith court likened the facts of 

Smith to those considered in In re Ahlbrecht (168 USPQ 293 (CCPA 1971) (copy 

attached as Evidence Appendix (n)) wherein a disclosure of fluorinated esters having 

2-12 CH2 groups failed to provide written description support for a claim to fluorinated 

esters having 3-12 CH2 groups. See 173 USPQ 684. In deciding Smith , the court 

rejected the "rule" of In re Risse (154 USPQ 1 (CCPA 1967) (copy attached as 

Evidence Appendix (o)) 

"to the effect that the disclosure of a genus and a species 
of a subgenus is a sufficient description of the subgenus. 
We do not now feel that such a rule is consonant with 
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either the letter or spirit of the description requirement of § 
112." See 173 USPQ 683. 

Unlil^e the disclosure considered in In re Smith , the present disclosure 
provides an adequate written description of the general anti-PTHrP (34-53) antibody 
of the claims, as detailed above. The present facts do not require consideration of 
whether claims to a range within a broad general disclosure of the specification but 
outside a less general disclosure or specific disclosure of the specification are 
supported by the specification, as was the case with In re Smith and In re Ahlbrecht . 
The present disclosure describes the claimed invention and uses a commercially 
available product to exemplify the disclosed and claimed invention. One of ordinary 
skill in the art will appreciate that the applicants described their invention to include 
use of an anti-PTHrP (34-53) antibody in the claimed method. 

As explained in Capon v. Eshhar . 76 USPQ.2d 1078, 1084 (Fed. Cir. 2005) 
(copy attached as Evidence Appendix (p)). 

The "written description" requirement implements the principle 

that a patent must describe the technology that is sought to be 
patented; the requirement serves both to satisfy the inventor's 
obligation to disclose the technologic knowledge upon which the 
patent is based, and to demonstrate that the patentee was in 
possession of the invention that is claimed. See Enzo Biochem, 
296 F.3d at 1330 (the written description requirement "is the quid 
pro quo of the patent system; the public must receive meaningful 
disclosure in exchange for being excluded from practicing the 
invention for a limited period of time"); Reiffin v. Microsoft Corp., 
214 F.3d 1342, 1345-46 (Fed. Cir. 2000) (the purpose of the 
written description requirement "is to ensure that the scope of the 
right to exclude . . . does not overreach the scope of the 
inventor's contribution to the field of art as described in the 
patent specification"); In re Barker, 559 F.2d 588, 592 n.4 
(C.C.P.A. 1977) (the goal of the written description requirement 
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is "to clearly convey the information that an applicant has 
invented the subject matter which is claimed"). The written 
description requirement thus satisfies the policy premises of the 
law, whereby the inventor's technical/scientific advance is added 
to the body of knowledge, as consideration for the grant of patent 
exclusivity. 

The descriptive text needed to meet these requirements varies 
with the nature and scope of the invention at issue, and with the 
scientific and technologic knowledge already in existence. The 
law must be applied to each invention that enters the patent 
process, for each patented advance is novel in relation to the 
state of the science. Since the law is applied to each invention in 
view of the state of relevant knowledge, its application will vary 
with differences in the state of knowledge in the field and 
differences in the predictability of the science. 

Further, the Court of Appeals for the Federal Circuit has explained as follows 

in In re Kenneth Alonso (2008-1079 Fed. Cir. October 30, 2008)"* (copy attached as 

Evidence Appendix (q)) with regard to the written description requirement in the case 

of a criteria for a claim defining a genus of antibodies. 

The written description requirement of 35 U.S.C. § 112, ^ 1, is 
straightforward: "The specification shall contain a written 
description of the invention ... ." To satisfy this requirement, the 
specification must describe the invention in sufficient detail so 
"that one skilled in the art can clearly conclude that the inventor 
invented the claimed invention as of the filing date sought. 

The requirement "serves a teaching function, as a ' quid pro quo ' 
in which the public is given 'meaningful disclosure in exchange 
for being excluded from practicing the invention for a limited 
period of time." 

The requirement is rigorous, but not exhaustive: "[l]t is 
unnecessary to spell out every detail of the invention in the 
specification; only enough must be included to convince a 



^ http://caselaw.ip.fjndiaw.eom/data2/circs/fed./081 079p.pdf (April 7, 2009), page 5 (citations omitted). 
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person of skill in the art that the inventor possessed the 
invention. LizardTech, 424 F.3d at 1345. 

The applicants submit that the determination of what is needed to support 
generic claims to biological subject matter depends on a variety of factors, such as 
the existing knowledge in the particular field, the extent and content of the prior art, 
the maturity of the science or technology, the predictability of the aspect at issue, and 
other considerations appropriate to the subject matter.^ For example, it is 
unnecessary for the specification to provide a description of proteins which are 
already known in the prior art.^. 

In Enzo Biochem v. Gen-Probe. Inc. . 63 USPQ2d 1609, 1613 (Fed. Cir. 2002) 
(copy attached as Evidence Appendix (r)), the court stated that the written description 
requirement would be met for all of the claims of the patent at issue if the functional 
characteristic of the claimed invention was coupled with a disclosed correlation 
between that function and a structure that is sufficiently known or disclosed. 

Finally, the applicants note that the Federal Circuit has stated that as long as 
an applicant has disclosed a "fully characterized antigen," either by its structure, 
formula, chemical name, or physical properties, or by depositing the protein in a 
public depository, the applicant can then claim an antibody by its binding affinity to 
that described antigen.'' 



^ See Capon 76 USPQ.2d 1085. 
® See Capon 76 USPQ.2d 1087. 

^ See Noelle v. Lederman . 69 USPQ2d 1508, 1514 (Fed. Cir. 2004) (copy attached as Evidence 

Appendix (s)) 
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In the present application, the polypeptide sequence of PTHrP is known and 

fully characterized^ and the specification teaches that antibodies can be made to 

fragments of the PTHrP polypeptide^. As noted previously, antibodies that bound to 

known PTHrP fragments (e.g., the fragment spanning amino acid residues 34-53) 

were known in the art and commercially available^", demonstrating that both the 

antigen and antibodies that bound thereto were fully characterized by structure and 

formula. 

The applicants have demonstrated the use of anti-PTHrP (34-53) antibodies in 
the treatment of kidney cancer by using in the example the anti-PTHrP (34-53) 
antibody of Oncogene. However, the teaching is not limited to this specific antibody. 
One of ordinary skill in the art deduces for these results that any anti-PTHrP (34-53) 
antibody will have the same therapeutic effect. The applicants have provided a 
Declaration of Dr. Thierry MASSFELDER executed February 14, 2008 (copy 
attached as Evidence Appendix (I)) with results obtained with two other anti-PTHrP 
(34-53) antibodies prepared by the applicants and having the therapeutic effect. 

In addition, the specification teaches how to make and use anti-PTHrP (34-53) 
antibodies, as claimed, as previously acknowledged by the Examiner.^ ^ 

The specification teaches the use of an anti-PTHrP antibody. The PTHrP 
targeted-region 34-53 only contains 20 amino acids. Therefore, it is a well-defined 

® See for example, page 9, lines 22-28 of the present specification. 
^ See page 9, lines 29-33 of the present specification, for example. 

^° See additional Calbiochem product sheet as well as the references cited therein (copy attached as 
Evidence Appendix (t)). 
See for example, pages 9-1 Oof the Amendment filed November 27, 2008. 
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antigen. Accordingly, the antibodies would have been expected to not vary 

substantially within the subgenus of the claims. The exemplified anti-PTHrP (34-53) 

antibody Ab-2 (Oncogene) is sufficiently representative of the subgenus. 

As explained by the Federal Circuit in In re Kenneth Alonso ^^ 

A genus can be described by disclosing: (1) a representative 
number of species in that genus; or (2) its "relevant identifying 
characteristics," such as "complete or partial structure, other 
physical and/or chemical properties, functional characteristics 
when coupled with a known or disclosed correlation between 
function and structure, or some combination of such 
characteristics." 

In the present specification, the amino acids bound by the antibody are 
disclosed: region 34-53 of PTHrP. The structure of the antigen, and hence the 
antibody of the claims, is reasonably predictable. 

The Declaration Dr. Thierry MASSFELDER executed February 14, 2008 (copy 
attached as Evidence Appendix (I)) demonstrates the predictability of the subgenus 
of the claims as well as the insubstantially variation. 

The present specification describes, for example, that the antibodies used as 
exemplified embodiments of the claimed invention bind to an intermediate region of 



The following examples of the antigen has been previously described in the Remarks of the 
Response filed April 13, 2009: 

Homo sapiens (human) (NP_945316 . 1*) 34 AEIRATSEVSPNSKPSPNTK 53 

Pan troglodytes (chimpanzee) (XP_001142021 . 1**) 34 AEIRATSEVSPNSKPSPNTK 53 
Canis familiaris (dog) (NP_001003303 . 1* ) 34 AEIRATSEVSPNSKPAPNTK 53 

Bos taurus (cow) (NP_777178 . 1*) 34 AEIRATSEVSPNSKPAPNTK 53 

Mus musculus (mouse) (NP_032996 . 1*) 34 AEIRATSEVSPNSKPAPNTK 53 

Rattus norvegicus (rat) (NP_036768 . 1* ) 34 AEIRATSEVSPNSKPAPNTK 53 

* http : / /sib . uniprot . org/ 
** http://www.ebi.ac.uk/ 
bttp://caselaw.ip.Fmdlaw.com,/data2/circs/fed/08 1 Q79p.pdf (April 7, 2009), page 6 (citations omitted). 
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PTHrP which targets amino acids 34-53^'*. Contrary to the Examiner's assertion^^, 
one of ordinary skill will appreciate that the exemplified antibody Ab-2 (Oncogene) 
binds to amino acids 34-53 of PTHrP.^^ 

One of ordinary sl<ill in the art will appreciate from the present specification as 
well as from the generally advanced level of skill in the art that the exemplified 
antibody Ab-2 (Oncogene) binds to amino acids 34-53 of PTHrP. The PTHrP- 
targeted region of the claims is described generally and through an exemplified 
embodiment in the present specification. 

The appellants respectfully submit that the claims are supported by an 
adequate written description. One of ordinary skill in the art will appreciate that the 
appellants were in possession of the claimed invention at the time the application 
was filed. 

Reversal of the Section 112, first paragraph "written description", rejection is 
requested. 



See for example, page 27, line 1 of the specification ("Int. region: anti-PTHrP (34-53) antibody (Ab- 
2, Oncogene) 2 |jg/ml); p. of the Rule 132 DECLARATION of Dr. OULAD ABDELGHANI executed 
November 27, 2008 (copy attached as Evidence Appendix (u)); as compared to the Examiner's 
suggestion that that the antibodies of the examples bind to an intermediate region of amino acids 36- 
53 ("in the examples the antibodies used for the amino terminal is 1-34, the intermediate is 36-53, and 
the carboxy terminal is 107-139 (pages 26-27)." see page 4, lines 2-3 of the Office Action dated 
February 23, 2009). 

"While one would understand that the antibody from Oncogene binds to an epitope within residues 
36-53, there is no disclosure of residues 34-53, except provided in the name of the Oncogene 
antibody." See page 4, lines 9-1 1 of the Office Action dated February 23, 2009. 
^® See for example, lUfS., 15. and 17.-23. of the Rule 132 DECLARATION of Dr. OULAD 
ABDELGHANI executed November 27, 2008 (copy attached as Evidence Appendix (u)), and the 
passages of the specification referred to therein. 

See for example, inT4.-8. of the Rule 132 DECLARATION of Dr. OULAD ABDELGHANI executed 
November 27, 2008 (copy attached as Evidence Appendix (u)), and the passages of the specification 
and references referred to therein. 
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The claims are submitted to be in condition for allowance and Reversal of the 

final rejection is requested. 



Respectfully submitted, 
NIXON &VANDERHYE P.C. 



By: /B. J. Sadoff/ 

B. J. Sadoff 
Reg. No. 36,663 

BJS: 

901 North Glebe Road, 11th Floor 
Arlington, VA 22203 
Telephone: (703)816-4000 
Facsimile: (703)816-4100 
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(8) CLAIMS APPENDIX 

17. A method for treating a kidney cancer comprising the administration to a 
subject of an effective dose of a PTHrP antagonist for inhibiting or decreasing a 
tumor growth or a pharmaceutical composition containing it, said PTHrP antagonist 
being an antl-PTHrP antibody that binds amino acids 34-53 of PTHrP. 

18. Method according to claim 17, wherein said subject is a human subject. 

19. Method according to claim 17, wherein said kidney cancer is selected 
from the group consisting of papillary carcinoma (chromophiles), chromophobe cell 
carcinoma, Bellini carcinoma and unclassified renal cell carcinomas. 

20. Method according to claim 19, wherein said kidney cancer is clear cell 
carcinoma (CCC). 

23. Method according to claim 17, wherein the kidney cancer is a solid 
malignant tumour. 

24. Method according to claim 17, wherein the PTHrP antagonist is a 
compound binding the PTHrP receptor and inhibiting partially or totally a binding of 
PTHrP to its receptor. 

25. Method according to claim 24, wherein the PTHrP antagonist is a PTHrP 
receptor antagonist. 

26. Method according to claim 25, wherein the PTHrP antagonist Is a PTHrP 
competitive antagonist. 
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31 . Method according to claim 17, wlierein tine PTHrP antagonist is a 

compound binding a ligand of tlie PTHrP receptor, and inliibiting partially or totally a 

binding of PTHrP to its receptor. 

33. Method according to claim 17, wherein the PTHrP antagonist is a 
humanised anti-PTHrP antibody. 

34. Method according to claim 17, wherein the anti-PTHrP antibody is selected 
from a humanised antibody, a human antibody, a chimeric antibody, an antibody 
obtained from a hybridoma and a fragment thereof and a modified form of said 
fragment. 

35. Method according to claim 17, wherein the anti-PTHrP antibody is a 
polyclonal or monoclonal antibody. 
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(9) EVIDENCE APPENDIX 

Attached: 

(a) Okada et al "Immunohistochemical Localization of Parathyroid Hormone- 
related Protein in Canine Mammary Tumors" Vet Pathol 34: 356-359 (1997) 
(submitted November 27, 2008 and acknowledged to have been considered by 
Examiner with signed and dated PTO 1449 Form listing same indexed at February 
23, 2009 in PTO IFW). 

(b) Verheijen et al, "Parathyroid hormone-related peptide (PTHrP) induces 
parietal endoderm formation exclusively via the Type I PTH//PTHrP receptor" 
Mechanisms of Development 81 (1999) 151-161 (submitted November 27, 2008 and 
acknowledged to have been considered by Examiner with signed and dated PTO 
1449 Form listing same indexed at February 23, 2009 in PTO IFW). 

(c) Thorikay et al., "Synthesis of a gene encoding parathyroid hormone-like 
protein-(1-141): purification and biological characterization of the expressed protein" 
Endocrinology, Vol 124, 1 1 1-1 18 (1989) (abstract) (submitted November 27, 2008 
and acknowledged to have been considered by Examiner with signed and dated PTO 
1449 Form listing same indexed at February 23, 2009 in PTO IFW). 

(d) Fenton et a!., "A carboxyl-terminal peptide from the parathyroid hormone- 
related protein inhibits bone resorption by osteoclasts." Endocrinology. 1991 

Oct;1 29(4): 1762-8 (Abstract) (submitted November 27, 2008 and acknowledged to 
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have been considered by Examiner with signed and dated PTO 1449 Form listing 
same indexed at February 23, 2009 in PTO IFW). 

(e) Santos et al "Up-regulation of parathyroid hormone-related protein in folic 
acid-induced acute renal failure" Kidney International, vol. 60 (2001), pp 982-995 
(submitted November 27, 2008 and acknowledged to have been considered by 
Examiner with signed and dated PTO 1449 Form listing same indexed at February 
23, 2009 in PTO IFW) . 

(f) Garcia-Ocana et al "Gyclosporine increases renal parathyroid hormone- 
related protein expression in vivo in the rat" transplantation, vol 65, 860-863, No. 6, 
March 27, 1998 (submitted November 27, 2008 and acknowledged to have been 
considered by Examiner with signed and dated PTO 1449 Form listing same indexed 
at February 23, 2009 in PTO IFW) . 

(g) Richard, et al. "Humoral Hypercalcemia of Malignancy, Severe Combined 
Immunodeficient/Beige Mouse Model of Adult T-Cell Lymphoma Independent of 
Human T-Cell Lymphotropic Virus Type-1 Tax Expression" Am J Pathol. 2001 June; 
158(6): 2219-2228 (submitted November 27, 2008 and acknowledged to have been 
considered by Examiner with signed and dated PTO 1449 Form listing same indexed 
at February 23, 2009 in PTO IFW). 

(h) Burton et al., "Parathyroid hormone related peptide can function as an 
autocrine growth factor in human renal cell carcinoma" 1990, Biochemical and 
Biophysical Research Communications, Vol. 167, No. 3, pages 1134-1138 (submitted 
September 21 , 2005 and acknowledged to have been considered by Examiner with 
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signed and dated PTO 1449 Form listing same indexed at January 24, 2007 in PTO 
IFW). 

(i) Ogata et al (EP11 97225) (submitted September 21 , 2005 and 
acknowledged to have been considered by Examiner with signed and dated PTO 
1449 Form listing same indexed at January 24, 2007 in PTO IFW). 

(j) Hoare et al "Specificity and stability of a new PTH1 receptor antagonist, 
mouse TIP(7-39)" Peptides, 2002, vol 23, No. 5, pp 989-998 (submitted September 
21, 2005 and acknowledged to have been considered by Examiner with signed and 
dated PTO 1449 Form listing same indexed at January 24, 2007 in PTO IFW). 

(k) Sato et al (U.S. Patent No. 6,903,194) (submitted January 10, 2008 and 
acknowledged to have been considered by Examiner with signed and dated PTO 
1449 Form listing same indexed at March 6, 2008 in PTO IFW). 

(I) Declaration of MASSFELDER executed February 14, 2008 and present in 
PTO IFW indexed at February 14, 2008 (filed prior to non-final Office Action of March 
6, 2008). 

(m) In re Smith 173 USPQ 679 (CCPA 1972) (cited by Examiner on page 4 of 
the Office Action dated February 23, 2009 and page 4 of the Office Action dated 
August 1 , 2008). 

(n) In re Ahlbrecht (168 USPQ 293 (CCPA 1971) (discussed in applicants 
Remarks of the Amendment filed November 27, 2008 and acknowledged to have 
been considered by Examiner in Office Action dated February 23, 2009). 
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(o) In re Risse (154 USPQ 1 (CCPA 1967) (discussed in applicants Remarks 
of the Amendment filed November 27, 2008 and acknowledged to have been 
considered by Examiner in Office Action dated February 23, 2009). 

(p) Capon V. Eshhar . 76 USPQ.2d 1078, 1084 (Fed. Cir. 2005) (discussed in 
applicants Remarks of the Response filed April 13, 2009 and acknowledged to have 
been considered by Examiner in Advisory Action dated May 1 , 2009). 

(q) In re Kenneth Alonso (2008-1079 Fed. Cir. October 30, 2008) (discussed in 
applicants Remarks of the Response filed April 13, 2009 and acknowledged to have 
been considered by Examiner in Advisory Action dated May 1 , 2009). 

(r) Enzo Biochem v. Gen-Probe. Inc. . 63 USPQ2d 1609, 1613 (Fed. Cir. 2002) 
(discussed in applicants Remarks of the Response filed April 13, 2009 and 
acknowledged to have been considered by Examiner in Advisory Action dated May 1 , 
2009). 

(s) Noelle v. Lederman . 69 USPQ2d 1508, 1514 (Fed. Cir. 2004) (discussed in 
applicants Remarks of the Response filed April 13, 2009 and acknowledged to have 
been considered by Examiner in Advisory Action dated May 1 , 2009). 

(t) Calbiochem product sheet (discussed in applicants Remarks of the 
Response filed April 1 3, 2009 and acknowledged to have been considered by 
Examiner in Advisory Action dated May 1 , 2009). 

(u) Rule 132 DECLARATION of Dr. OULAD ABDELGHANI executed 
November 27, 2008 (filed November 27, 2008 and acknowledged to have been 
considered by the Examiner on page 3 of the Office Action dated February 23, 2009). 
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(10) RELATED PROCEEDINGS APPENDIX 
Attached: 



NONE 
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Vet Pathol 34:356-359 (!997) 

Immunohistochemical Localization of Parathyroid Hormone-related Protein in 
Canine Mammary Tumors 

H. Okada, Y. Nishijima, T, Yoshino, A. Grone, 
C. C, Capen, and T. J. RosoL 

Abstract. Parathyroid hormone-related protein (PTHrP) was localized immunohistochemically in 58 canine 
mammary tumors (3i malignant, 27 benign) and adjacent normal or hyperplastic maiiraiary tissue. PTHrP 
immunoreactivity was significantly enhanced by pretreatment with microwave heating in norma! and neoplastic 
tissues. Epithelial cells of hyperplastic and neoplastic mammary tissues, myoepithelial cells, and metaplastic 
osteoblasts in mammary tumors stained moderately to strongly positive for PTHrP No significant difference 
between staining intensity for PTHrP and histologic pattern of mammary tumors was found. The presence of 
PTHrP in nornial and neoplastic canine mammary tissues supports a pathophysiological role for PTHrP as a 
paracrine or autocrine hormone in the manmiary gland. 

Key words: Antigen retrieval; dogs; immunohistochemistry; mammary tumor; parathyroid hormone-related 

protein. 



Humoral hypercalcetnia of malignancy (HHM) is an im- 
portant paraneoplastic syndrome associated with certain ma- 
lignant tumors, including squamous, renal, and mammary 
carcinomas, in humans and animals.'^^^-' Parathyroid iior- 
mone-related protein (PTHrP) is a recently identified poly- 
peptide hormone derived from human and animal tumore 
that plays a central role in the pathogenesis of HHM,*-' 
PTHrP is composed of 139, 141, or 173 amino acids.* The 
N-tentiinus (1-36) and midregion (36-111) of PTHrP ai-e 
well conserved among species, suggesting there is immu- 
nologic cross -reactivity between species.' Eight of the first 
13 N-terminal amino acids of PTHrP are identical to those 
of parathyroid hormone (PTH). The first 34 amino acids of 
PTHrP contain PTH-like biological activity and act in kidney 
and bone to increase osteoclastic bone resorption, renal cal- 
cium resorption, and urinary phosphate excretion in patients 
with HHM.' 

Breast cancer in humans frequently metastasizes to bone 
and may be associated with HHM.'-''"^ In some patients with 
breast cancer, increased serum concentrations of PTHrP and 
hypercalcemia may occur without evidence of bone metas- 
tasis. Immunoieactive PTHrP and PTHrP messenger RNA 
have been detected in 60% of primary breast tumors of hu- 
mans.' ■''^ Production of PTHrP by mammary cancer in hu- 
mans is likely important in the pathogenesis of HHM that 
occurs in certain patients and may play a role in the patho- 
genesis of metastasis Eo bone. In contrast, mammary cancer 
in animals has a low incidence of bone metastasis and hy- 
percalcemia is rare. In dogs, a high percentage of mammary 
tumors are benign, and many tumors contain mixed cell 
types, including epithelial cells, myoepithelial cells, and 
metaplastic bone or cartilage. 

PTHrP is present in many normal tissues, including the 
iactating mammary gland, where it functions as a paracrine 
or autocrine hormone, High concentrations of PTHrP arc 
present in human, bovine, porcine, murine, rat, and opossum 
milk.''' The concentration of FrHrP in bovine milk has been 
shown to correlate positively with total milk calcmm con- 
centration.' PTHrP has been identified immunohistochemi- 
cally in human lactating mammary tissue (epithelial cells of 



the alveoli and ducts). '"■^ PTHrP iimnunoreactivity in dogs 
also has been reported in diictulai- epithelial cells and myo- 
epithelial cells of nonJactating mammary tissue,' PTHrP may 
play an important physiological role in lactation and neo- 
natal calcium balance or development,^ 

Immunostaining for PTHrP with trypsin pretreatment un- 
masked reactive epitopes in paraffin-embedded sections and 
enhanced the immunoreactivity of chicken-derived polyclon- 
al antibody to PTHrP (1-36) in normal and neoplastic canine 
tissues.' However, trypsinization uniformly decreased the 
immunostaining reactivity when a cotnmercially available 
rabbit-derived anti-PTUrP (34~-53) antibody was used in ca- 
nine tissues.' The puipose of the present study was to in- 
vestigate the localization of immunoreactive PTHrP in mam- 
mary tumors and adjacent nonneoplastic mammary tissue of 
dogs and to evaluate the effect of m.icrowave pretreatment 
on PTHrP immunoreactivity in formalin-fixed, paraffin-em- 
bedded sections. 

Fifty-eight surgical specimens from canine mammary tu- 
mors were collected from 1989 to 1993 (Table 1). Mammary 
tissues including tumor were fixed in 10% buffered formalin 
(pH 7.4) and embedded routinely in paraffin, Serial sections 
were mounted on 3-aminopropyltrietltoxysilane-coaled glass 
slides and stained witli hematoxyUn and eosin or stained 
immunohistochemically using an avidin-biotin-peroxidase 
complex method,^ Histopathologic diagnoses were made 
based on the World Health Organization classification. For 
immunohistochemistry, dewaxed sections were treated with 
and without ti-ypsin or microwave heating. Tissues were 
heated in a 10 mM citric acid solution (pH 6.0) m a house- 
hold microwave at 600 W twice for 5 minutes, with a 1 
minute interval.' For trypsinization, sections were digested 
in 0.1% trypsin (Difco, Detroit, MI) in Tris-HCl buffer so- 
lution (pH 7.6) containing 0. 1 % calcium chloride for 30 min- 
utes at 37 C. Primary antibodies consisted of polyclonal 
chicken anti-human PTHrP (1-36) IgG (1:30) and poly- 
clonal rabbit anti-human PTHrP (34-53) IgG (1 :30, Onco- 
gen Science, Manhasset, NY). Characterization and specific- 
ity of chicken anti-human PTHrP (1-36) IgG have been de- 
scribed previously.* As a positive control, a serially trans- 
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Table 1. Histopathologic classification {according t 
WHO) of 58 canine mammary tumors. 

"nimor Type No. Cases 

Malignant tumors 

Tubular simplex adenocarcinoma 1 

Tubular complex adenocarcinoma 18 

Papillary complex adenocarcinoma 1 

Simple solid carcinoma 3 

Complex spindle cell carcinoma 1 

Osteosarcoma 2 

Malignant mixed tumor 5 

Benign tumors/dysplasia 

Simple adenoma 1 

Complex adenoma 8 

Ductal papilloma 2 

Papillary cyst 1 

Duct ectasia 4 

Ductal hyperplasia 2 

Benign mixed tumor 9 



plantable tumor (CAC-8) in nude mice that produced PTHrP 
and was derived from a canine apocrine adenocarcinoma of 
the anal sac was stained immunohistochemically for PTHrP. 
Negative controls were incubated with nonimmune rabbit 
and chicken sera (1 :30 dilution), phosphate-buffered saline 
(PBS), or anti-human PTHrP IgG mixed with an excess of 
PTHrP (1-36) instead of the primary antibody. 

Without any pretreatment, immunoreactivity of PTHrP (1- 
36) and PTHrP (34--53) was weak and moderately positive 
in the tissues. After trypsinization, immunoreactivity of 
PTHrP (1-36) increased slightly, whereas immunostaining 
for PTHrP (34-53) decreased in the CAC-8 adenocarcinoma 
and canine mammaiy tissues, Pretreatment with microwave 
heating enhanced immunoreactivity for both PTHrP antibod- 
ies in all tissues as compared with immunostaining with or 
without trypsin (Figs, 1, 2), Moreover, immunostaining pat- 
terns of PTHrP (1-36) and PTHrP (34-53) were ideutica] m 
normal and neoplastic tissues when sections were stained 
following microwave irradiation. Therefore, the results of 
immunohistochemical staining for PTHrP are described with 
microwave pretreatment. 

In normal mammary tissue adjacent to the neoplasms, the 
alveolar and ductular epithelial cells stained moderately to 
strongly positive for PTHrP and were surrousidcd by a layer 
of moderately positive myoepithelial cells (Fig, 1). Positive 
immunoreactivity for PTHrP also was present in epidermal 
keratinocytes, epithelial and myoepithelial cells of apocrine 
sweat glands, sebaceous glands, arteriolar smooth muscle, 
and skeletal mnscle. 

In all benign and malignant mammary tumors and dys- 
plastic lesions, mammary epithelial cells and myoepithelial 
cells were moderately positive for PTHrP (1-36) and PTHrP 
(34-53), In complex carcinomas and benign or malignant 
mixed tumors, neoplastic myoepithelial cells stained intense- 
ly positive for PTHrP (Figs. 3, 4). PTHrP immunoreactivity 
was intense in metaplastic chondrocytes of benign and ma- 
lignaiU mixed tumors (Fig. 4). In an osteosarcoma arising in 



a mixed mammary tumor, neoplastic osteoblasts stained 
moderately positive for PTHrP. Immunoreactive PTHrP was 
not present in the matrix of metaplastic cartilage or bone in 
benign or malignant mixed tumors or in the bone matrix of 
an osteosarcoma. All control sections stained with nonim- 
mune rabbit serum, chicken IgG, or PBS were negative, Im- 
munostaining intensity for PTHrP using anti-human PTHrP 
(1-36) IgG mixed with an excess of PTHrP (1-36) was 
mai'kedly diminished, 

This investigation demonstrated that both N-teniiinal and 
midiiegion PTHrP were localized immunohistochemically in 
normal, hypeiplastic, dysplastic, and neoplastic canine mam- 
mary ti.ssues after microwave pretxeatmenL Immunoreactive 
PTHfP has been ideniiiied in many normal and neoplastic hu- 
man and animal tissues, including the mammary glands.^- Im- 
munohistochemical distribution of PTHrP in nornial tissues of 
the dog is identical to that in human tissues.' The wide distri- 
bution of PTHrP in various normal and neoplastic tissues is 
associated with very low serum PTHrP concentrations, which 
suggests that PTHrP functions in an autocrine or paracrine 
manner in most tissues. However, neoplasms that secrete high 
levels of biologically active PTHrP may induce the syndrome 
of HHM, In a previous study, immunoreactive PI'HrP was not 
detected in mammary alve<;)lar epithelial cells in dogs,^ but 
PTHrP immunostaining has been detected in raammaiy alve- 
olar cells of humans." Pretreatment microwave heating of par- 
aflin-cmbedded sections enhanced the immunoreactivity for 
chicken-derived anti-PTHrP (1-36) and for rabbit-derived anti- 
human PTHrP (34-53) antibodies when compared with trypsin 
digestion. Microwave heating may have intensified PTHiP iin- 
munoreaciivity in the present stody by unmasldng the reactive 
epitopes between amino acids 1-36 and 34-53 of canine 
PTHrR The umformly positive immunostaining for PTHrP in 
this study obtained after microwave pretreatment may damage 
certain epitopes of the FIHrP molecular and/or induce un- 
masking of antigenic sitcs,^ 

The function of PTHrP in the nomial mammary gland is 
currently unknown. The iactating mammai-y gland produces 
PTHrP, which is present in milk at concentrations 10,000- 
fold greater than that in plasma and increases with duration 
of lactation.' PTHrP may be important in calcium transport 
across mammary epithelium, in differentiation of the mam- 
mary gland, and in calcium homeostasis or intestinal cell 
differentiation in neonates.' PTHrP also may be significant 
in relaxation of myoepithelial cells and expansion of mam- 
mary alveoli in Iactating mammary glands,' 

PTHrP was originally isolated from human and animal 
tumors associated with HHM."'' Mammary carcinomas in 
humans are occasionally associated with HRM "-^-"^ How- 
ever, the expression of immunoreactive PTHrP and its mes- 
senger RNA has been demonstrated in a high percentage of 
human breast cancer cases.^ The fimctlonal role of PrHrP 
in breast cancers is unknown, but PTHi'P may play a role in 
the regulation of cancer metastasis to bone or growth of bone 
metastases in humans." Immunoreactive FI'HrP has been 
demonstrated in malignant tumors from both normocalcemic 
and hypercatcemic dogs,^ which suggests that PTHrP ex- 
pression in tumors has a pathophysiologic role independent 
of die induction of HHM.^ 

In summary, immunoreactive PTHiiP was detected in nor- 
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Fig. 1. Mainmary gland; dog. Moderately positive staining of acinar epithelium for PTHrP <l-36) treated with micro- 
wave heating. Avidin-biotin complex meihod, methyl green covmtcrstain. Bar = 50 |xm. 

Fig, 1. Mammary gland dot' 1 \iieTiicK sinsmnp of acinar epithelium for PTHrP <l-36) witiout microwave 
IM-etreament Avidin-bioim coniplex nic-ihod, mcrlni ga-L-n counterstam. Bar = 50 fxm. 

Fig. 3. Mammary complex tubular aacndciirt indTna: dog, Moderatciy jwsHive staining of neoplastic epithelial cells (E) 
aod strong immunostaining oi myoepithelml cells (an'owsi tor PTHrP ( 1-36) with iiucrowave pretreaiment. The intercellular 
matrix is negative for FrHrP. Avidin-biotm complex meihod, methyl green counterslfun. Bar = 50 p^m. 

i^g. 4. Benign mixed mammary tumor; dog. Moderately positive stainmg of neoplasiic epitnehal cells (E), strong 
immunostaiuing ul nietiylasUi; choudtocytcs t,airows), diid negative sUimng ot cutiiage r.wtnA far PTHrP (]-'^b) ;r,;a;ed 
with microwave heating, Avidiit-biotin complex method, methyl green counterstain. Bar = 50 fim. 



mal, hyperplastic, dysplastic, and neoplastic mammary ea- 
nine tissues. Ho'A'ever, there was iso differeace in intensity 
of immunostaining, distribution of PTHrP, and hsstoiogic 
fe^ures between bertign and malignant tissues, 
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Rhabdoid Tumor in ttie Brain of a Dog 

K. E. Steele, F. Y. Schulman, H. Mena, and E. O. Strimfle 



Abstract. Rhabdoid tumor is a neoplasm of uncertain cellular origin recognized in humans. These tumors 
most commonly arise in the kidneys of children, but ihey can also affect many extrarenal sites, including the 
centra! nervous system. Similar neopiasjns have not been reported in nonprimate species, A malignant brain 
tumor in a young dog was characterized by large cells with globular intracytoplasmic inclusions composed of 
intermediate filaments. By jmmunohistochemistry, neoplastic cells were uniformly reactive for vimentin and 
demonstrated scattered reactivity for glial fibrillary acidic protein and neuron-speciflc enolase. The intermediate 
filaments also reacted with vimentin antibodies by itranunogold electron microscopy. The findings in this case 
are remarkably similar to the histologic, ultrastructural, and immunocytochemical features of rhabdoid tumors 
in humans. 



Key words: Brain neoplasms; dogs; immunohistochemistry; rhabdoid tumor; ultrastrucftirc. 



Rhabdoid tumor (RT) is an aggressive, malignant neo- 
plasm that is recognized in humans and that most commonly 
arises in the kidneys of chiidren."-^^ RTs have also been 
reported as primary neoplasms in extrarenal locations, in- 
cluding the central nervous system (CNS).' We are aware of 
only one report of an RT in a nonhuman species; this RT 
affected the stomach of an aged orangutan.* 

Although the cellular origin of this neoplasm is contro- 
versial, the diagnosis of rhabdoid tumor is based on the char- 
acteristic histologic, ultrastructural, and immunohistochem- 
ical features.'^'''''-'' Histologically, RTs are typically com- 
posed of large polygonal to globoid eosinophilic cells with 
globular intracytoplasmic inclusions. Nuclei are vesiculai; 
often with marginated chromatin, and contain large distinct 
nucleoli. Ultrastructurally, the cytoplasmic inclusions are 
composed of discrete aggregates of intermediate filaments, 
usually arranged in whorls. By immunohistochemistry, the 
intermediate filaments react consistently with antisera to vi- 
mentin. Less frequently, cells stain using antisera to cyto- 



kcratins, epithelial membrane antigen (EMA), glial fibrillary 
acidic protein (GFAP), or neuron-specific enolase (NSE). We 
report here on a neoplasm with features of the human rhab- 
doid tumor in a dog. 

A 1.5-year-old female Border Collie presented with a 
2-wcek history of seizures, drooling, and weakness in the 
hind limbs. Complete blood count and "blood chemistry eval- 
uations were within normal limits. Vaccinations for typical 
canine diseases, including rabies, had been performed in the 
previous year. Previously, the dog had not exhibited any ev- 
idence of health problems. Antiseizure therapy with pheno- 
barbital (10 mg/kg twice daily) was initiated, but the cliuicai 
sig!^ gradually progressed to include incoordination and cir- 
cling. Two months later, the dog exhibited circling to the 
right, left hind limb hemiplegia, and, based on a lack of 
menace response, appeared blind in the left eye. The dog 
was euthanatized, and the brain was removed for examina- 
tion. Other organs were not examined. 

The right pyrifonn lobe exhibited a soft gray-tan mass 
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Abstract 

A number of studies suggest a role for PTHrP and the classical PTF!/PTHrP receptor (type I) in one of the first differentialion processes in 
mouse embryogenesis. i.e. the fomiation of parietal endoderm (PE). We previously reported that although in type I receptor (- /-) embryos 
PE formation seemed normal, the embryos were smaller from at least day 9.5 p.c. and 60% had died before day 12,5 p c. Here we show tJiat 
the observed growth defect commences even earlier, at day 8.5 p.c. Using two novel antibodies, we show that the expression of the type 1 
receptor protein at this stage is confined to extraembryonic endoderm only. In addition, we show that large amounts of PTHrP protein are 
present in the adjacent irophoblast giant cells, suggesting a paracrine interaction of PTHrP and the type I PTHyPTHrP receptor in PE 
formalion. The invoiveinent in PE differentiation of other recently described receptors for PTHrP would'explain a possible redundancy for 
Che type I receptor in PE fomiation. However, deletion of the type I PTH/PTHrP receptor in ES cells by homologous recombination 
completely prevents PTHrP-induced PE differentiation. Based upon tliese observations, we propose that PTHrP and the type 1 PTH/PTHrP 
receptor, although tjot required for the initial formation of PE, are required for its proper differentiation and/or functioning. © 1999 Elsevier 
Science Ireland Ltd. All rights reserved. " 

Keywords: Embryonal stem cells; Homologous recombination; Imrnunohistochemistry; Parathyroid hormone/parathyroid hormone-related 
peptide receptor; Parathyroid hormone-related peptide; Parietal endoderm 



1. Introduction 

PTHrP was initially identified in tumors associated with 
humoral hypercalcemia of malignancy, and was since then 
shown to be important in a wide range of growth and differ- 
entiation processes (reviewed in Mallette, 1991; Orloff et 
al., 1994). The N-terminus of PTHrP, PTHrP(l-34), con- 
tains the FTHdike portion of this molecule, and is compar- 
able with PTH{l-34) in binding and activation of the 
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classical PTH/PTHrP receptor (type I) (Abou-Samra et a!., 
1992). While PTH and the type I receptor are known to 
serve an important role in regulation of calcium homeostasis 
in the adult organism (reviewed in Mallette, 1991), we and 
olJiers have suggested a role for PTHrP and the type I recep- 
tor in the formation of parietal endoderm (PE) in tlie early 
mouse embryo (Chan et al,, 1990; van de Stolpe et al., 1 993; 
Karperien et al., 1994, 1996; Behrendtsen el al, 1995). 
However, mice in which the type 1 receptor gene was 
ablated did not show obvious abnormalities in PE formation 
(Lanske et al., 1996). Histologial analysis of the PE of these 
mice suggested that this cell layer developed normally, 
although the mice were smaller than nonnal from at least 
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day 9.5 p.c, while, depending on the genetic background, 
60% had died at day 12.5 p.c. 

It was thought for a long time that the type I PTH/PTHrP 
receptor was involved in ahnost all of tfie actions of the N- 
terminal PTH and PTHrP fragments. However, with tlie 
recent discovery of additional receptors for N-terminal, 
midregion and C-terminaJ fragments of PTH and/or 
PTHrP, this concept is no longer tenable (Fenton et ai., 
1991; Fukayama et al., 1995; Orloff et al., 1995; Usdin et 
ah, 1995; Kovacs et al., 1996; Yamamoto et al., 1997). The 
presence of these other receptors for PTH and/or PTHrP 
might explain the residual PE formation in type I receptor 
(-/-) embryos. 

Here, we present data which indicate that PTHrP exerts 
its actions in PE formation exclusively through the type i 
receptor, aiid furthermore suggest that Pl"HrP and the type I 
receptor are required for proper differentiation and/or func- 
tioning of PE. 



2. Results 

2.1. Type I PTH/PTHrP receptor (-/-) embryos are growth 
retarded at day 8.5 p.c 

We previously reported that type I receptor (-/-) embryos 
are smaller from at least day 9.5 p.c. (Lanske et al., 1996). 
To examine the growth retardation during this stage of 
development in more detail, we directly measured the 
length of isolated embryos, and also included 8.5 p.c 
embryos in tlie analysis. For 9.5 p.c. embryos the crown- 
rump length was measured (Brown, 1990), Since for day 8.5 
p.c. embryos, which have not yet turned this analysis cannot 
be performed, the length of such embryos was measured 
differently, i.e. as the distance between a line touching the 
tips of the U-shaped embryo and a line touchmg the bottom 
of the U. Importantly, there was no difference in the curva- 
ture between wt, +/- or -/- embryos. Only embryos which 
had not turned yet were analyzed. No differences were 
observed between the length of wildtype and heterozygous 
embryos, while 90% of the type I receptor (-/-) embryos 
were shorter dian wildtype/heterozygous embryos at both 
day 8.5 as well as day 9.5 p.c. (Table 1). The shorter length 



of (-/-) embryos was already significant at day 8.5 p.c, and 
became even more pronounced at day 9.5 p.c. Type I recep- 
tor (-/-) embryos showed no significant differences in the 
number of somites compared to wildtype/heterozygous 
embryos (data not shown). Thus type I receptor (-/-) 
embryos are already growtli retarded at day 8.5 p.c, sug- 
gesting defective formation of the extraembryonic endo- 
derm, the only site of receptor mRNA expression at this 
stage (Karperien et a!., 1994), 

2.2. PTHrP'induced PE differentiation ofES cells 1? 
dependent on the type I PTH/PTHrP receptor 

To investigate the possible involvement of other recep- 
tors for FFH and/or PTHrP than the type I FfH/PTHrP 
receptor in PE differentiation, we determined the effect of 
different PTH and FfHrP fragments on PE differentiation of 
wild type ES cells and of ES cells with a homozygous 
deletion of the type I PTH/PTHrP receptor gene established 
from type I PTH/l.^HrP receptor kjiockout mice (see Sec- 
tion 4), In this study, we performed experiments with the 
wildtype ES cell line 9(+/ + ) and the knock out ES cell 
lines 1(-/-) and 5(-/--). Since no experimental differences 
were observed between ES 1 (-/-) and 5(-/-), only results 
with ES 5(-/-) are shown. Differentiation to PE was deter- 
mined using the PB marker thrombomodulin (Imada et al., 
1987; Weiler-Gueltler et al., 1996) and by the changes in 
morphology (Strickland and Mahdavi, 1978; Strickland et 
al., 1980; van de Stolpe et a!., 1993). No expression of 
thrombomodulin could be detected in undiffereiitiated ES 
cells. However, addition of RA for 6 d induced low expres- 
sion of thrombomodulin in ES(9+/+) cells (Fig. I A). 
Thrombomoduiin was expressed at sites of high confluency 
by a few cells with a PE-like morphology (small and 
rounded ceils with long filopodia) and not by the majority 
of the cells with a PrE-like morphology (flattened and 
epitlielial-iike cells) (see Fig. 4 and Fig. 5B). Treatment 
with ttie N-tcrminal fragments, PTH(l-34) and PTHrP(l- 
34), or the full length versions of these, molecules, PTH(1- 
84) and PlHrP(l-141), induced aPE-iike morphology and a 
strong increase in thrombomodulin expression (Figs. lA 
and 5B). Quantification by densitometric scanning of tlie 
autoradiogram in Fig. lA revealed these increases to be 4- 



Table 1 

Relative length of type i PTH/FTHrP receptor (-/-) embiyos 



Days of gestation 


Total no. of embryos 


(-/-) embryos 












Smaller" 


Relative length (%f 


8.5 


43 


10 


9 


83.3 + 4,1* 


9.5 


49 


10 


9 


77.S ± 4.6»* 



'Length ot embi\t)s v ds dfli-rmmed using a mscronictcr eyepiece, ar;d number of (-/-) embryos with length smaller than the average length of wildtype and 

heteroz.vgous embrvos is given. 

"Length oi {-/-) embryos us percentage of the average length of wildtype and hetei-ozygou,'! embryos. Data are the mean ± SEM. 

*P < 0.01; < 0.001. Analysis ot difference between (-/-) embryos and wildtype plus heterozygous embryos was performed using Bonfenoni Mest 

with the mean square error of two-way ANOVA as enot variance. 
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to 5-foid compared to treatment with RA alone, while 
dbcAMP elevated thrombomodulin levels approximately 
20-foid. Importantly, treatment with PTHrP(67-86) (not 
shown), PTHrP(67-94) or PTHrP(107-i39) did not affect 
thrombomoduUn expression nor did it induce a PE-lilce mor- 
phology. Thus, PTHrP induces PE differentiation via its N- 
terminal part and receptors for the midregion or C-terminal 
PTHrP fragments are not involved in PTHrP-induced PE 
differentiation. 

As observed for the wildtype ES cells, treatment of ES 
5(-/-) cells with RA for 6 days induced low amounts of 
thrombomodulin (Fig, IB), which was expressed at sites 
of high confluency by a few cells with a PE-like morphol- 
ogy. Subsequent treatment with the different PTH(rP) frag- 
ments during the last 3 days did not elevate thrombomodulin 
expression (Fig. IB) nor did it increase the amount of cells 
with a PE-lilce morphology. Importantly, dbcAMP was per- 
fectly able to induce thrombomodulin expression (Fig. IB) 
and a PE-likc morphology (Fig. 5B), showing that the 
ES5(-/~) cells were not impaired in their capacity to form 
PE. Thus, die type I receptor is necessary for the PTHrP- 
induced PE differentiation. Furthemiore, the observation 
that treatment with RA is sufficient to induce some PE 
differentiation in ES 5(-/-) cells suggests that this 'sponta- 
neous' differentiation to PE is not caused by an autocrine 
mechanism involving PTHrP and the type I PTH/PTHrP 
receptor, as was previously suggested (van de Stolpe et 
a!., 1993). We therefore conclude diat tlie type I PTH/ 
PTIIrP receptor is essential for the PTHrP-induced PE dif- 
ferentiation of ES cells, and that other mechanisms can 
contribute to PE differentiation as well. 



2.3. Characterization of a. 
antibodies 



Uype I PTH/PTHrP receptor 



Two novel antibodies A27 and P3I. directed agam.st. 
respectively, the extracellular N-terminus and the mtracel- 
lular C-terminus of the receptor (see Section 4) were tested 
by Western blotting using cell extracts oi COS m 29" cells 
transiently transfected with mouse t [ . ] r^.^p >' .'\pies- 
sion vector (cMR13). Both P3I as wcl' .ts iized a 

band with the expected molecular weight o\ api-snixiniately 
85 kDa in 293 cells a^ig. 2A) and COS cells .'Fig- 2B) 
transfected with cMR13 but not oi mock traiislected cells 
(Karpf et al., 1987; Shigeno et al., 1 988). A band of approxi- 
mately 160-180 kDa could be detected also and might pre- 
sent a dimer of the receptor. However, other bands with a 
molecular weight of approximately 60 and 70 kDa were 
detected in COS cells as well. Since the type I receptor 
contains four putative N-linked glycosylation sites, the 
bands of 60 and 70 kDa could represent less glycosylated 
receptor protein. Inhibition of N-linked glycosylation with 
tunicamycin resulted in strong expression of the 60 kDa 
band, which tlius likely represents the putative backbone 
of the type I receptor, and a band of approximately 120- 
140 kDa which could represent a dimer of unglycosyiated 



type I receptors (Fig. 2B). Dimerization or microaggraga- 
tion has previously been demonstrated for the b2-adrenergic 
receptor and the gonadotropin releasing hormone receptor, 
and shown to be stabilized by agonist treatment (Hebert et 
al., 1996; Janovick and Conn, 1996). The biological rele- 
vance of the putative type I receptor dimers and their exis- 
tence under more physiological circumstances remains to be 
determined. 

We could not detect any expression of type I PTH/PTHrP 
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)i PTH and PTHrP analogues on PE differentiation of ES 
+ - u d rs ^ - -) tc-lli ES 9(+/+) cells (A) or ES 5(-/-) cells (B) were 
t iinr^ t td at Lme) or treated with 1 mM RA ftjr 6 days with or 
V til u ni iM PIH (1 recombinant hPTH(l-84), PTHrP(l-34). 
PlHrFO-141), PTHrP(57-y4), PTHrP(107-139), or 1 mM dbcAMP durmg 
the last 3 days, as mdiuated. Cell lysates were taken up in non-reducing 
sample butter and boiled, proteins were separated by SDS-PAGEon a 10% 
gel, blotted and detected with monoclonal antibody 273-24A against 
thrombomodulin. Thrombomodulin is detected as a band of approximately 
85 kDa. 
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expressing the type I receptor was determined using immu- 
nofluorescence. As shown in Fig, 5B, receptor expression 
was only observed in ES 9(+/+) ceils witli a PE4ilce mor- 
phology. Again, no receptor staining could be detected in 
ES 5{-/-) cells, before or after differentiation by RA and 
dbcAMP, confirming once more the specificity of the anti- 
body. 



Fig. 2. Detection of the type I PTH/PTHrP receptor in transfected 293 and 
COS cells, (A) 293 cells were mock transfected (-) or transfected with a 
mouse type ! PTH/PTHrP receptor expression vector (cMR13). Cell 
lysales were taken up in urea-saturated non-reducing sample buffer, pro- 
teins wcie .sepurdled by SDS-PAGE on a 10% gel, blotted and detected 
with tiie affinity-purified antibodie.s, P31 or A27, as indicated. The type ! 
PTH/ITHrP receptor was detected as a band of approximately 85 kDa. (B) 
COS ceils were transfected as described in (A), and treated with tunica- 
mycin (10 mg/m!) or vehicle (DMSO), as indicated. cMR13 is detected 
with the antibody P31. in mock transfected cel!s an aspecific band of 
approximately 6! kDa is observed. 

receptor protein in undifferentiated F9 EC cells, while low, 
but detectable, expression was found during RA-induced 
differentiation towards PrE (Fig, 3A). Subsequent differen- 
tiation to PE, by addition of PTHrP or dbcAMP, was accom- 
panied by a strong upregulation of receptor expression (Fig, 
3 A). The molecular weight of the receptor in PrE and PE- 
like cells was 85 kDa, suggesting that it was normally gly- 
cosylated diirmg fliis differentiation process. Differentiation 
to PE was confirmed by Western blotting on thrombomo- 
dulin. As shown in Fig. 3B, thrombomodulin was not 
expressed, or at very low levels, in undifferentiated or 
RA-induced PrE-like cells, while subsequent differentiation 
to PE by treatment with PTHrP or dbcAMP strongly 
induced thrombomodulin expression. The identity of the 
cells expressing the type I receptor was determined by 
immunofluorescence. As expected from the Western blot- 
ting experiments, we could not find any expression in undif- 
ferentiated cells (Fig. 4), while RA-induced differentiation 
to a PrE-like phenotype resulted in expression of the recep- 
tor at low levels. Treatment of PrE-like cells with PTHrP or 
dbcAMP strongly induced expression of the type I receptor 
in ceils differentiated to a PE-like phenotype. 

Specificity of the antibodies was confirmed using Wes- 
tern blotting and immunofluorescence on ES 9(+/+) and ES 
cells. Fig, 5A shows a Western on the type I PTH/ 
PTHrP receptor in differentiating ES celL^. N,i 'ype I PTli/ 
PTHrP receptor expression was detected m undifrerentiated 
ES cells (not shown). Treatment with RA induced a strong 
increase in receptor protein expression of the ES 9(+/+) 
cells, while subsequent treatment with PTHrP(l-34) or 
dbcAMP induced a further increase in expression. No 
expression was found in ES 5(-/-) cells (Pig. 5A}. The 
sharp band of approximateiy 80 kDa, which in ES 9(+/+) 
cells runs close to the receptor band of 83 kDa, can be 
detected in ES 5(-/-) ceils as well, suggesting that it is 
recognized non-specifically. The phenotype of the cells 



2.4. The type I PTH/PTHrP receptor protein is expressed in 
parietal and visceral endoderm of early implantation 
embryos 

To investigate whether the type I receptor protein is 
indeed expressed at sites involved in PE differentiation, 
we performed immunohistochemistry with both A27 and 
P31 antibodies. The earliest stages in which we observed 
expression were early postimplantation embryos of approxi- 
mately day 5,5 p.c. The embryos were left in utero and 
embedded as such in paraffin, or were frozen in tissue freez- 
ing medium, sectioned and stained for the type I PTHy 
PTHrP receptor with antibodies P3] and A27, as described 
in Section 4. As shown in Fig. 6A, the receptor was detected 
at high levels in tissue of both enibryonat and maternal 
origin. This staining was specific since both antibodies 
showed identical staining patterns, while no staining was 
observed when the first antibody was omitted (not shown). 
Maternal type I receptor was expressed in the outer zone of 
the decidua and in the inner circulai- myometrial smooth 
muscle layers. This expression pattern is consistent with a 
proposed role for PTHrP in relaxation of uterine smoodi 
muscles and inhibition of uterus contractility before partus 
(Thiede et al, 1991; Daifatis et al„ 1992; Paspaliaiis et al„ 
1992; Williams et al., 1994), Embryonic type I FlWTHrP 
receptor was detected only in the extraembryonic cell 
layers, being PE and VE (Fig, 6B). A comparable expres- 

B 



Fig. 3. Expression of the type I PTH/Fl'HrP receptor protein (A) and 
thrombomodtiiin tBj during endoderm differentiation of F9 EC celis. F9 
cells were left untreated, treated with I mM RA for 3 days to induce PrE 
differentiation, or treated with 1 iiU RA for 5 days with or without 100 nM 
FrHrP(l-34) 01- 1 mM dbcAMP during the last 2 days to induce PE 
differentiation, (A) Samples wei-e treated as described in the legend of 
Fig. 2. The type i FlU/PTHrP receptor was detected with antibody P3!. 
Similar results were obtained with the antibody A27 (not shown). B) 
Samples were treated as described in legend of Fig. 1. Immunoblots 
with antibody 273-34A against thrombomodulin are shown. 
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Fig. 4. Smmunoiluore,scent staining of the type I PTH/FTHiP receptor and thrombomodulin during endoderm differentiation of F9 EC cells. F9 cells were le 
untreated (EC), or treated with 1 mM RA for 5 days with or without 100 nM PTHrP(K34) oi- 1 mM dbcAMF during the last 2 days as indicated. Shown ar 
the immunofluorescent staining of the type I PTH/PTHrP reenter, with antibody P31 , or of thrombomodulin (TM), as described in Section 4 Scale bar, 5 



sion pattern was observed for the type I PTH/PTHrP recep- 
tor in the 6.5 day p.c. embryo (Fig. 6D), while only back- 
ground staining was detected in the control (staining 
procedure when first antibody was omitted, Fig, 6C). Inter- 
estingly, high levels of receptor expression were found in 
the marginal zone, a region where PE and VE are in close 
contact, and from which PE ceils are recruited (Hogan and 
Newman, 1984). The visceral endoderm cells near the mar- 
ginal zone have been demonstrated to possess the capacity 
to differentiate to PE cells until day 7.5 p.c. (Hogan and 
Tilly, 1981; Cockroft and Gardner, 1987). it was at this 
stage that we observed a decrease in expression of the 
type I PTH/FfHrP receptor in VE, compared to earlier 
stages, while expression in PE was still high (Fig. 6F). No 
expression could be detected at other sites, although some 
staining was detected in embryonic tissue between the ecto- 
derm and mesoderm, which was however non-specilrc since 
a similar stainmg was observed in the control (Fig. 6E). 
Type I receptor (-/-) embryos of day 8.5 and 9.5 p.c. are 
smaller than normal (see above). Importantly, while the only 
site of expression of the type I PTH/PTHrP receptor protein 
until 7,5 p,c. was in PE and VE, the only site of expression at 
day 9,5 p.c. was in PE, which can be recognized as a single 
cell layer between the trophoblasts giant cells and the visc- 
eral yolk sac (Fig. 6G). No staining was detected in the 



marguial zone, the VE or in the embryo proper (not 
shown). This suggests that the phenotype of type I receptor 
(-/-) embryos, at least the smaller size observed at day 8.5 
and 9.5 p.c, is a consequence of a lack of the type 1 receptor 
in (developing) PE. 

To measure PTHrP protein expr^sion in the 9.5 p.c, 
embryo we used affinity-purified rabbit aiiti-PTHrP (34- 
54) IgG. PTHrP protein was strongly expressed in the tro- 
phoblast giant cells (Fig, 6H). while no expression could be 
detected in embryonic tissues (not shown) nor in VE or PK, 
Thus, PTHrP and the type I receptor show a complementary 
expression pattern during early embryonic development. 



ES cells are an established model system for early 
embryonic events. They are considered to represent undif- 
ferentiated inner cell mass cells, and can be differentiated in 
vitro to form derivatives of all three germ layers, including 
extraembryonic endoderm, PTHrP is an established inducer 
of PE differentiation in vitro (Chan et al„ 1990; van de 
Stolpe et al., 1993). We show here that the PTHrP fragments 
(67-86), (67-94) and (107-139), for which receptors other 
than the type I PTH/PTHrP receptor have been described 
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The expression pattern of the type I PTH/PTHrP receptor 
protein observed in vivo was identical to that of its raRNA, 
as observed by in situ liybridization (Karperien et al., 1994), 
Expression of type I PTH/PTHrP receptor protein was found 
in PE and VE of day 5.3 and 6.5 p.c. embryos. Interestingly, 
high amounts of type I FTIi/PTHrP receptor protein were 
detected in the marginal zone, the region were VE and PE 
are in close contact and from which PE cells are recruited 
(Hogan and Newman, 1984). Visceral endoderm cells near 
the marginal zone have been demonstrated to possess the 
capacity to transdifferentiate into PE cells until day 7.5 p.c, 
(Hogan and Tilly, 1981; Cockroft and Gardner, 1987). Tliis 
correlated with the expression of type I PTH/PTHrP recep- 
tor protein found in this study, since expression in VE and 
the marginal zone decreased at day 7.5 p.c, while it could 
no longer be detected in these cell layers at day 9.5 p.c. The 
only site of type I FIH/PTHrP receptor expression at this 
stage was PE. Type I PIWTHrP receptor protein expres- 
sion was complementary to expression of PTHrP protein in 
the trophoblasl giant cells. The expression patterns of 
PTHrP and the type I PTH/PTHrP receptor thus strongly 
conlirm the notion that this signaling system is involved 
m PE formation in a paracrine fashion. 



Fig. 5. Staining ol' the type 1 PTH/PTHrP receptor and (hrombomodulin on 
differentiated ES (-fZ-f ) or ES 5{-l-) cells. ES and ES 5(--/-) cells 
were treated with 1 mM RA for 6 days with or without 100 nM FTHrPd- 
34) or I mM dbcAMP during the last 3 days, as indicated. {A) Samples 
were ti'eated as described in the legend of Fig, 2, An immunoblot widi 
antibody P31 against the type i PTH/PrHrP receptor is shown. Similar 
rtaults were obtained with the antibody A27 (no shown). (B) Shown are 
immunofiuorescent staining on the type I FlWPTHrP receptor, with anti- 
body P31, or on thrombomodulin (TM), as described in Section 4. Scale 
bar, 50 mm. 



(Fenton et al„ 1991; Fukayama et al., 1995; Orloff et al, 
1995; Usdin et al., 1995; Kovacs et al., 1996; Yamamoto et 
al, 1997), do not induce differentiation of ES cells to PE, in 
contrast to PTHrP fragments containing the N-temimus. 
Furthermore, the indtiction of PE by PTHrP(l-34) or 
PTHrP(l-141} was prevented by homozygous deletion of 
the type I PTH/PTHrP receptor. Thus, we conclude that 
PTHrP-induced PE differentiation, at least of ES cells, is 
mediated exclusively by the type I PTH/PTHrP receptor. 



3. 1. The role oj PTHrP and the type I PTH/PTHrP receptor 

in PE differentiation in vivo 

il HrP and the type I PTH/PTHrP receptor play a cri- 
tical role m PE lormation, mice with a homozygous deletion 
lor cithc! gene would be expected to die early in gestation 
because of detects in the parietal yolk sac. However, 
PTHrP(-/-) mice have developed a seemingly normal PE 
early in gestation, but die at birUi (Karaplis et al„ 1994). A 
more severe phenotype is seen for type I PTH/PTHrP recep- 
tor (-/-) mice (Lanske et al, 1996). These mice are smaller 
than normal at day 8.5 p c. (this study), while, depending on 
the genetic background, 60% has died at day 12.5 p.c. 
Again, no obvious abnormalities are observed in the PE. 
Although detailed analysis of the PE of these mice is still 
lackuig, the phenotypes suggest that PTHrP and the type I 
PTH/PTHrP receptor are not essential for formation of PE. 
Lack of fetal PTHrP in early gestation of PTHrP (-/-) 
embryos, could likely be compensated for by maternally 
derived PTHrP. Indeed, high levels of PTHrP niRNA and 
protein were observed in the maternal tissue surrounding the 
embryo (Karperien et al., 1996; this study), which might 
result in transfer of maternal PTHrP to the embryo, a phe- 
nomenon described previously for knock outs of other 
growth factors such as TGF/3j (Shull et al, 1992). We 
hypothesized that the lack of a clear phenotype in early 
gestation of type I PTH/PTHrP receptor (-/-) embryos 
could be due to compensation by other receptors for PTH 
or PTHrP. However, our present data clearly show that none 
of the l^H(rP) fragments could enhance PE differentiation 
in type I PTHj^THrP receptor (-/-) ES cells, indicating that 
at least in viti-o this was not the case. Our data indicate that 
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the type 1 PTH/PlHrP receptor protein was expressed 
exclusively m the VB and PH, and not at other sites- until 
at least day 9.5 p.c. Although it can not be excluded that tlie 
type I receptor has a function m extraembryonic VE other 
than stimulating the formation of PE, the smaller size of the 
type I PTFI/PTH-TrP receptor (-/-) embryos at day 8.5 p.c, 
strongly suggests that PTHrP and the type I PTH/PTHrP 
receptor are required for proper PE differentiation and/or 
functioning. In relation to this, the phenotype of thrombo- 
modulin (-/-) embryos is striking, since at day 8.5 p.c, these 
mice are smaller than normal, while the embryo's failed to 
survive beyond day 9.5 p.c. Since no obvious pathological 
abnomrialities were observed, and the only site of expression 
before day 9,5 p,c, was the parietal yolk sac, it was sug- 
gested that tlie failure of thrombomodulin (-/-) embryos to 
survive was consequence of dysfunctional maternal-em- 



bryonic interaction (Healy et al, 19951. We observed that 
exogenous PFHrP can strongly increase thrombomodulin 
expression in RA-Ireated ES cells Whether thrombomodulin 
expression levels are attectcd m type I PFH/PTHrP receptor 
("/-) embryos remains to be determined. 

Since type 1 receptor (-/-) embryos show formation of 
PE, die type I receptor is appai-ently not essential for (initial) 
PE formation. This is supported by our in vitro data using 
the type I Pl^HyTTHrP (-Z^) ES cells. Although these cells 
do not respond to PTHrP they can still differentiate to PE, 
indicating that other signals are involved in PE differentia- 
tion as well. Recently, Behrendtsen et al. (1995) showed that 
differentiation and outgrowth of PE from isolated ICM is a 
cooperative interaction between extracelluiar matrix, integ- 
rins and PTHrP. This suggests that signals induced by extra- 
cellular matrix components might compensate for the lack 
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of PTHrP-induced signals in type I PTH/PTHrP receptor (■-/ 
-) embryos. 

In conclusion, FfHrP- induced stimulation of PE differ- 
entiation is solely mediated by the type I PTH/FfHrP recep- 
tor. The expression patterns of the type I PTH/PTHrP 
receptor protein and the PTHrP protein are strongly consis- 
tent with the role for this signaling system as stimulators of 
PE differentiation in vivo. The observation that VE and PE 
are the only sites of type I FrHyPTHrP receptor expression 
until at least day 9.5 p.c. suggests the phenotype of type I 
PTH/PTHrP receptor (-/-) embryos at this stage to be 
explained by improper diuercntiation and/or functioning 
of PE, Detailed analysis ol PE m these mice will therefore 
be the subject of further study. Our results are consistent 
with a model proposed by otliers, in which PrE cells, of VE 
ceils with PrE-like chai ic tei istn, s u e induced to different! 
ate into PE and to migiale fiom the n u .,n il /one over the 
tfophectoderm by a eoopci itn n m hN induced by 
PTHrP and other factoid, likt e\t it llilii i aUix i,ompo 
nents. We propose that PTHri', aidiough not required for 
initial PE differentiation, is essential for proper differentia- 
tion and/or function of PE. 



4. Experimental procedures 

4.1. Materials 

dbcAMP was purchased from Aldiich (Zwijndrecht, the 
Netherlands); ECL Ixom Amersham (Hertogenbosch, The 
Netherlands); W\-trans RA and tunicamycin were from 
Sigma rat PTH(l-34) was purchased from Peninsula 
Laboratories Eui-ope (St. Helens, UK); PTHrP(l-34) from 
Bachem (Bubendorf, Switzerland); PTHrP(67-86), 
PTHrP(67-94) hPTHrP(107-139) and hPTHrP(M41) were 
a gift from Jane Moseley (University of Melbourne, Aus- 
tralia). Recombinant hPTH(l-84) was obtained as described 
previously (Inomata et al., 1995), using a bacterial expres- 
sion vector for full length hPTH, kindly provided by Dr. H. 
Juppner (Massachusetts General Hospital and Harvard 
Medical School, Boston, MA). Affinity-purified polyclonal 
rabbit anti-human PTHrP(34-53) IgG were purchased from 
Oncogene Science (Mineola, NY). Monoclonal antibodies 
against thrombomoduiin were a gift from Dr. S.J. Kennel 
(Oak Ridge National Laboratory, Oak Ridge, TN). 

4.2. Embryos 

Embryos homozygous for the PTH/PTHrP receptor gene 
were obtained by mating of heterozygous mice of mixed 
genetic background C57BL/6-129/SvJ-CBA. For the immu- 
nohistochemical study on FFHrP and type I PTH/FFHrP 
receptor expression, Fl embryos were obtained from 
C57BL/6 females mated to CBA males. The embryos 
were kept on a 14:10 h light-daik rhythm. Gestation was 
assmned to have begun in the middle of the dark period. 



Genotyping of tlie embryos was performed by PGR, Length 
of embryos was measured before fixation, after removing 
the extraembryonic membranes and leaving the embryo 
intact. 

4.3. Immunohistochemistry 

Em.bryos were fixed in 4% buffered paraformaldehyde 
and embedded in paraffin, except for Fig. 6C,D, where sec- 
tions used were obtained from embryos which were quick- 
frozen in tissue freezing medium (Electron Microscopy 
Center, Washington). Deparafinized 6 mm sections were 
treated with 1% HjOj in 40% methanol for 20 min to 
block endogenous peroxidase activity, and subsequently 
pretreated with 0.03% pepsin (Sigma) in diluted HCl (pH 
2.0) for 8 min at 37°C. Blocking of non-specific binding and 
all subsequent antibody incubations were performed in 
0,5% Boehringer Milk Powder (BMP) dis,solved in TNT 
(100 mM Tris, 150 mM NaCl, 0,05% Tween-20, and 
0.04% Triton X-100). Incubation of first antibody was over- 
night al 4°C. After washing with TNT, sections were incu- 
bated with biotinylated secondary antibody (Amersham) for 
45 min at 37°C, washed with TNT and incubated with 
horseradish peroxidase conjugated streptavidin (Amer- 
sham) for 30 min at ST^C, Signals were amplified by per- 
oxidase induced deposition of biotinylated tyramides using 
the signal amplification kit of DuPont, After washing, sec- 
tions were incubated with horseradish peroxidase conju- 
gated streptavidin for 30 min at 37°C, washed and signals 
were developed using 3-amino-9-ethylcarbazole (AEG, 
Sigma). Sections were couiiterstained using hematoxy in 
and mounted in KaLsers glycerin. 

4.4. Establishment of ES cell lines with a homozygous 
deletion of the type I PTH/PTHrP receptor gene 

ES cell lines were established as previously described 
(Robertson, 1987). In short, first to introduce a b-galactosi- 
dase transgene as marker, C57BL/6 mice heterozygous for 
the type I PTH/PTHrP receptor knock-out (Lanske et al„ 
1996) were mated with C57BL/6 mice carrying a ;3-galac- 
tosidase transgene which was engineered to be expressed 
ubiquitously (Zambrowicz et al., 1997). By further mating, 
mice heterozygous for the type I PTH/PTHrP receptor 
knock-our and homozygous for the jS-galactosidase trans- 
gene were made. They were then mated with mice hetero- 
zygous for the PTH/PTHrP receptor knock-out to produce 
blastocysts. Collected blastocysts were placed onto fibro- 
blasts feeder layers and cultured. When blastocysts hatched 
and ICMs proliferated, ICMs were isolated from underlying 
trophoblasts and cultured onto new feeder layers. After 
about a week, ES cells were identified, isolated and cultured 
further. From 34 collected blastocysts, 17 new ES cell lines 
were successfully established. Among them, 13 lioes were 
genotyped by Southern blot. All of them were heterozygous 
for the /?-gaIactosidase transgene, as expected. Four of them 
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were homozygous for the type I PTH/PTHrP receptor 
knock-out, four of them heterozygous, and five of them 
wild-type. In this study, experiments were performed with 
the wild-type ES ceil line and the knock out ES cell 

lines and 5(-/-), 

4.5. Cell culture and transfections 

F9 EC cells (ATCC) and ES cells were cultured as 
described elsewhere (van de Stolpe et al, 1993). Transient 
transfections were performed using the calcium phosphate 
precipitation method. One day prior to transfection, the 
COS-7 or 293 cells were plated at a density of 2 x 10 c/ 
cm^ in six-well tissue culture clusters. The following day 
cells were ti-ansfected widi a mouse type i PTHyPTHrP 
receptor expression vector (cMR13, Karperien et al., 
1996) or an empty expression vector. 

4.6. Generation and affinity--pi4rifi.ca!ion of anti-type I PTH/ 
PTHrP receptor antibodies 

Plasmids encoding for GST-fusion protein with either a 
pait of the extracellular domain or the C-terminal intfacel- 
lular domain of the mouse type I FfH/PTHrP receptor 
(cMR13), were produced by cloning of, respectively, an 
Aval restriction fragment coding for amino acid 90-179 
and a Pvull restriction fragment coding for amino acid 
531-589, into pGEX-3X (Promega). Expression and puri- 
fication of GST fusion proteins were done as previously 
described (Smith, 1993), 

Antisera were obtained by primary immunization of New 
Zealand White rabbits via subcutaneous injection of 100 mg 
GST fusion protein coupled to glutathione-agarose beads in 
Freund's complete adjuvant, followed by booster immuni- 
zations with 100 mg GST fusion protein in Freund's incom- 
plete adjuvant for every 4 weeks. The animals were bled 10 
days after each boost. The antibodies A27 and P3 1, directed 
against, respectively, the extracellular and intracellular part 
of the type I PTH/PTHrP receptor, were affinity-purified as 
previously described (Koff et al., 1992). 

4. 7. We.stem blotting 

Cells were washed twice with ice-cold PBS, scraped in 
RIPA lysis buffer (50 mM Tris-HCl, 150 mM NaCi. 1% 
Triton X-iOO, 0.5% sodium deoutholate n [ sDS 2i i 
mg/ml leupeptin, 20 mg/ral aprotmrn and ^ rM plie-i 1 
methylsulfonyifliioride), and protein ^onccnt.uti 'i s 1 ilic 
lysates were determined, Prepdialion of san-ples .ui \\e^- 
tern blotting on thrombomodulm was done bv adding of 
appropriate amounts of non-rcducmg sample buffer 
(Laemmli sample buffer without p-mercaptoethanol), and 
heating for 5 mm at 95°C. Preparation of samples for Wes- 
tern blotting on the type I FfH/PTHrP receptor was done by 
adding of appropriate amounts of urea saturated non-redu- 
cing sample buffer, and shearing of the samples through a 
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needle. Equal amounts of proteins were loaded on a 10% 
SDS-polyacrylamide gel blotted to Imniobiion-P PVDF 
membrane, incubated with A27, P31 or anti- thrombomodu- 
lm monoclonal antibody 273-34A (Kennel et al,, 1987), and 
subsequently incubated with peroxidase-labeled secondary 
antibody, followed by ECL, The fold increase in thrombo- 
modulin levels was quantified by computerized densitome- 
try using NIH Image, 

4.8. Immunofluorescence 

Cells were washed twice with PBS, fixed witli 2% paraf- 
ormaldehyde, and incubated with 20 mM NH4C! for 30 min, 
For detection of type I PTH/PTHrP receptor with antibody 
A27 or P31. cells were incubated with, respectively, PBS/ 
0.2% BSA for 1 h or tieated with 0.1 % Triton for 5 min prior 
to incubation with PBS/0.2% BSA for 1 h. Subsequent anti- 
body incubations were done in PBS/0.2% BSA as well 
Detection of thrombomodulin was performed as previously 
described (Verheijen et al„ 1999). Incubations with first 
antibodies were for 1 h at RT, the cells were rinsed exten- 
sively in PBS, and incubated with CYS -conjugated second- 
ary antibodies (Jackson Immunoreseai-ch, West Groove, 
PA) for 1 h at RT, again extensively rinsed, and mounted 
in Mo viol. 
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Up-regulation of parathyroid hormone-related protein in folic 
acid-induced acute renal failure. 

Background. Parathyroid liormone (PTH)-related protein 
(PTHrP) is present in many normal tissues, including the kid- 
ney. Current evidence supports that PTHrP is involved in renal 
pathophysiology, although its role on the mechanisms of renal 
damage and/or repair is unclear. Our present study examined 
the changes in PTHrP and the PTH/PTHrP receptor (type 1) 
in folic acid-induced acute renal failure in rats. The possible role 
of PTHrP on the process of renal regeneration following folic 
acid administration, and potential interaction between angio- 
tensin II (Ang II) and endothelin-1, and PTHrP, were exam- 
ined in this animal model. 

Methods. PTHrP, PTH/PTHrP receptor, ACE, and prepro- 
endothelin-1 (preproET-1) niRNAlevels in the rat kidney were 
analyzed by reverse transcription-polymerase chain reaction 
(RT-PCR) and/or RNase protection assay. Immunohistochem- 
istry also was performed for PTHrP, the PTH/PTHrP receptor, 
and Ang II in the renal tissue of folic acid-injected rats. The 
role of PTHrP on tubular cell proliferation following foUc acid 
injury was investigated in vitro in rat renal epithelial cells (NRK 
52E). PTHrP secretion in the medium conditioned by these 
cells was measured by an immunoradiometric assay specific 
for the 1-36 sequence. 

Results. Using RT-PCR, PTHrP mRNA was rapidly (1 hour) 
and maximally increased (3-fold) in the rat kidney after folic 
acid, decreasing after six hours. At 72 hours, renal function was 
niaxinially decreased in these rats, associated with an increased 
P TI IrP ininiunostaining in both renal tubules and glomeruU. In 
contrast, the PTH/PTHrP receptor mRNA (RNase protection 
assay) decreased shortly after foUc acid administration. More- 
over, PTH/PTHrP receptor immunostaining dramatically de- 
creased in renal tubular cell membranes after folic acid. A 
single subcutaneous administration of PTHrP (1-36), 3 or 50 
(Lg/kg body weight, shortly after folic acid injection increased 
the number of tubular cells staining for proliferating cell nu- 
clear antigen by 30% (P < 0.05) or 50% (P < 0.01), respec- 
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lively, in these rats at 24 hours, without significant changes in 
either renal function or calcemia. On the other hand, this pep- 
tide failed to modify the increase (2-fold over contn)!) in ACE 
mRNA, associated with a prominent Ang II staining into lobu- 
lar cell nuclei, in the kidney of fohc acid-treated rats at this 
time period. The addition of 10 mmol/L fohc acid to NRK 52E 
cells caused a twofold increase in PTHrP mRNA at six hours, 
without significant changes in the PTH/PTHrP receptor mRNA. 
The presence of two anti-PTHrP antibodies, with or without 
folic acid, in the cell-conditioned medium decreased (40%, P < 
0.01) cell growth. 

Conclusions. Renal PlllrP was rapidly and transiently in- 
creased in rats with folic acid-induced acute renal failure, fea- 
turing as an early response gene. In addition, changes in ACE 
and Ang II expression were also found in these animals. PTHrP 
induces a mitogenic response in folic acid-damaged renal tubu- 
lar cells both in vivo and in vitro. Our results support the notion 
that PTHrP up-regulation participates in Ihc regenerative pro- 
cess in this model of acute renal failure and is a common event 
associated the mechanisms of renal injury and repair. 



Parathyroid hormone (PTH)-related protein (PTHrP) 
is present in the vast majority of normal fetal and adult 
tissues, including the kidney, and it appears to act as an 
autocrine/paracrine factor [1, 2]. In adults, PTHrP is 
widely present along the nephron and in the intrarenal 
arterial tree, and current evidence points to an emerging 
role of PTHrP in renal physiology [1,3,4]. An increasing 
number of studies support the notion that PTHrP, acting 
through its N-terminal region homologous to PTH, is 
involved in the control of vascular tone [5, 6]. In this 
regard, PTHrP (1-34) induces vasorelaxation in the pre- 
constricted isolated rabbit kidney [3]. Moreover, this 
peptide increases glomerular filtration rate and renal 
blood flow when infused into the renal artery of anesthe- 
tized rats [7]. However, the true role of local PTHrP in 
the kidney as a regulator of the renal vascular tone re- 
mains unclear, since this peptide also increases renal 
renin secretion [8]. Recent studies have demonstrated 
that PTHrP might directly modulate glomerular function 
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by interacting with the contracting-relaxing capabilities 
of glomerular mesangial cells [9, 10]. 

Parathyroid hormone-related protein also exhibits 
growth-regulatory properties in renal tubular and mesan- 
gial cells [4, 10-13]. Renal PTHrP expression is rapidly 
and transiently up-regulated during the recovery period 
after ischemic injury in vivo and in vitro and in cyclospo- 
rine-induced chronic nephrotoxicity [4, 13, 14]. More- 
over, we recently found a sequential increase of PTHrP, 
associated with a decreased PTH/PTHrP (so called type 
1) receptor, in the renal cortex of rats during the develop- 
ment of proteinuria after albumin overloading [15]. 
These findings suggest that PTHrP overexpression might 
be related to the mechanisms associated with renal injury 
and also with the progression of renal damage. 

In the present study, considering the PTHrP features 
in glomerular function and tubular growth described pre- 
viously in this article, we hypothesized that this protein 
might play a role in the injured kidney and in the subse- 
quent renal regenerative process. To assess this hypothe- 
sis, the renal expression of PTHrP and the PTH/PTHrP 
receptor were examined in rats with acute renal failure 
induced by folic acid. A dramatic renal tubular hyperpla- 
sia occurs in this animal model, but in contrast to other 
experimental models of acute renal failure, kidney lesions 
following folic acid injection are only moderate [16-18]. 
Since the mitogenic effects of PTHrP on renal cells had 
only been characterized in vitro, we investigated whether 
exogenous administration of PTHrP would increase re- 
nal epithehal regeneration in this in vivo model. In addition, 
the changes of angjotensin-converting enzyme (ACE) and 
preproendothehn-l (preproET-1), whose expression in- 
crease in parallel to PTHrP in the renal cortex of rats with 
intense proteinuria [15], as well as those of angiotensin II 
(Ang II) were evaluated in the kidney of rats after foHc 
acid injury. In addition, the putative direct effects of foHc 
acid on PTHrP production in rat kidney epithelial cells 
in vitro and its role on cell growth were assessed. Our 
studies provide further insights into the emerging role 
of PTHrP as a renal regulating factor [19], supporting its 
participation in the regenerative process in the damaged 
kidney. 

METHODS 
Animal model 

Male Wistar rats (250 g body weight) were fed stan- 
dard rat chow ad libitum and were given free access to 
water. One group of rats received a single intraperitoneal 
injection of folic acid (Sigma, St. Louis, MO, USA), 
250 mg/kg in 150 mmol/L sodium bicarbonate (vehicle). 
Control animals received the same volume of vehicle 
alone. At different time periods up to 10 days after folic 
acid injection, four to eight animals from each group 
were sacrificed under ether anesthesia, and kidneys were 



removed. At 1.5 hours foUowing foUc acid administra- 
tion, other groups of six animals each were injected sub- 
cutaneously with PTHrP (1-36) (kindly donated by Dr. 
A.F. Stewart, Department of Endocrinology, University 
of Pittsburgh, PA, USA), at 0.3, 3, and 50 (Jug/kg, respec- 
tively, in saline with 0.1% bovine serum albumin (BSA). 
These doses were selected because they have shown to 
eficit various renal and bone effects in humans and rats 
[20, 21]. On the other hand, acute or chronic administra- 
tion of this peptide and other related peptides in this 
dose range into normal subjects failed to affect either 
renal function or calcemia [20, 21]. At 24 hours after 
fofic acid administration, these rats were killed under 
ether anesthesia, and kidneys were collected. One kidney 
from each animal in aU groups was fixed in 4% buffered 
p-formaldehyde for light microscopy examination and 
immunohistochemistry. The other kidney was snap-fro- 
zen in liquid nitrogen and stored at -70°C for subsequent 
RNA extraction. Some kidney tissue samples were 
freeze-dried, and then lyophilized samples were dis- 
solved in 0.1 N NaOH. Protein was determined in tissue 
extracts by the Bradford's method, using BSA as the 
standard [22]. 

Blood chemistry 

Blood was taken by cardiac puncture under ether anes- 
thesia after an overnight fast. Plasma creatinine and 
blood urea nitrogen (BUN) were determined by auto- 
analyzer (Hitachi Chemistry System; Boehringer Mann- 
heim, Mannheim, Germany). 

Histologic studies and immunohistochemistry 

Fixed renal tissue sections were dehydrated by graded 
ethanols and xylene and then embedded in paraffin. Par- 
affin-embedded tissue sections (4 |xm) were mounted on 
3-aminopropyltriethoxy silane-treated slides for histo- 
logic evaluation or immunohistochemistry. Kidney sec- 
tions were stained with hematoxylin and eosin. 

Parathyroid hormone-related protein immunostaining 
was carried out with affinity purified anti-PTHrP antibody 
Ab-2 (Oncogene, Uniondale, NY, USA), recognizing 
the sequence 34 to 53 of human and rat PTHrP [14, 15]. 
The PTH/PTHrP receptor staining was performed with 
an affinity-purified antibody against the extracellular 
domain of this receptor in the rat (Ab VII; Babco, Rich- 
mond, CA, USA) [23]. For Ang II staining, a rabbit anti- 
serum to Ang II (Peninsula Laboratories, San Carlos, CA, 
USA) was used. Proliferative activity was evaluated with a 
monoclonal antiproliferating cell nuclear antigen (PCNA; 
Clone PCIO; Dako, Glostrup, Denmark). Immunostain- 
ing was performed as described in detail [15, 23]. Briefly, 
tissue sections were incubated with 1.5% normal goat 
serum in phosphate-buffered saline (PBS) for 30 minutes 
and then with 4 (xg/mL of Ab-2 antibody, 5 |jLg/mL of 
Ab-VII antibody, 400-fold dilution of anti-Ang II anti- 
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Fig. 1. Time-course of changes in plasma creatinine (A) and blood 
urea nitrogen (BUN; B) in rats witii folic acid-induced acute renal 
failure. Measurements were from blood samples obtained in rats after 
overnight fast, using standard methods. Points are mean ± SEM of 
eight animals at each time period. All values were significantly different 
(P < 0.05 or less) from the corresponding values in vehicle-injected 
(control) rats (O) at each time period studied within one hour and six 
days. *P < 0.05; 'P < 0.01, compared with the corresponding values in 
folic acid-treated rats (■) at six hours. **P < 0.05 compared with 240 



serum, or 150-fold dilution of PCNA antibody for either 
two hours (Ab-2 and Ab-Vll) or 30 minutes (Ang II 
and PCNA antibodies). Sections were subsequently incu- 
bated with either goat anti-rabbit (Ab-2 and Ab-VII) or 
anti-mouse IgG (PCNA antibody) and the avidin-biotin- 
peroxidase complex (Vector, Burlingame, CA, USA). 
Following incubation with the Ang 11 antiserum, the sec- 
tions were incubated with a polymer-peroxidase complex 
(Envision + System; Dako). 3,3'-Diaminobenzidine was 
used as the chromogen. Some tissue sections were treated 
either with nonimmunogenic IgG or without the primary 
antibody, as negative controls. Staining of the capillary 
network and peritubular connective tissue was consid- 
ered as a positive internal control for Ang II [24]. The 
tissue sections were counterstained with Carazzi's hema- 
toxylin. 



In all cases, morphologic and immunologic evaluations 
of tissue samples were performed by two independent 
observers in a blinded fashion. PTHrP immunostaining 
was scored at glomerular and tubular level and graded as 
follows: 0, negative staining; 1, mild staining; 2, moderate 
staining; and 3, intense staining. Tubular staining for 
PCNA was evaluated in three XlOO microscopic fields 
by counting the number of stained cell nuclei per field 
and then calculating the mean from each rat. In addition, 
the number of stained cells per 20 glomeruli without 
selection was also counted for each rat [25]. The final 
score was always the mean of the two evaluations. 

Cell culture 

Rat kidney cells NRK 52E (ATCC CRL 1571), dis- 
playing a tubuloepithelial phenotype [26, 27], were grown 
in Dulbecco's modified essential medium (DMEM) with 
5% fetal bovine serum (FBS; BioWhittaker, Verviers, 
Belgium), 100 U/mL penicilhn, and 100 |jLg/mL strepto- 
mycin, in 5% CO2 at 37°C. Cefis were serum-depleted 
for 24 hours before addition of 10 mmol/L folic acid 
dissolved in 300 mmol/L NaHCO,. This addition did not 
change the medium pH. In some experiments, subcon- 
fluent cells were incubated for 48 hours in serum-free 
medium with fohc acid in the presence or absence of 
affinity-purified anti-PTHrP antiserum C7 or C13, recog- 
nizing chher the C- or N-terminal region of PTHrP, 
respectively [28]. Then ceils were trypsinized and resus- 
pended in trypan blue. Viable cells were counted in a 
hemocytometer. 

RNA extraction 

Total RNA was isolated from cilherral kidney homog- 
enates obtained with a glass-Teflon homogenizer, or 
FBS-depleted NRK 52E cells, using TriReagent (1 mL 
per g wet tissue or 10^ cells, respectively; Molecular Re- 
search Center, Inc., Cincinnati, OH, USA), according to 
the manufacturer's instructions. 

Reverse transcription-polymerase chain reaction 

To assess changes in mRN A levels by semiquantitative 
reverse transcription-polymerase chain reaction (RT- 
PCR), total RNA from either rat kidney (5 ng for the 
PTH/PTHrP receptor; 10 ng for c-fos; and 100 ng for 
the other genes studied), or NRK 52E (100 ng for the 
PTH/PTHrP receptor and 20 ng for PTHrP) was reverse 
transcribed, and resulting cDNA was amplified, using 
a commercial kit (Access RT-PCR System®; Promega, 
Madison, WI, USA), with specific primers for the rat 
PTH/PTHrP receptor [23], PTHrP, ACE, preproET-1 
[15], and c-fos [5'-GGGAATTCGGAGAATCCGAA 
GGGAAAGG-3' (sense), and 5'-CCGGATCCGTGA 
AGGCCTCCTCAGACTC-3' (antisense)]. These prim- 
ers yield PCR amplification products of 266 bp (PTHrP), 
495 bp (PTH/PTHrP receptor), 317 bp (ACE), 409 bp 
(preproET-1), and 316 bp (c-fos). The housekeeping gene. 
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!<■)>. 2. Ilisl(>li>}>ic uxamination of a rat kidney section at six hours after 
lolic acid ni)cclion. I'olic acid deposit (yellow-brownish crystals) is shown 
in the glomerular mesangium and the glomerular capillary tufts. Tubular 
dilation was evident, as well as edema and yellowish casts in the tubular 
epithelium (inagnilication X200). Reproduction of this figure in color 
was supported by the Speinish Ministry of Science and Technology. 



Fig. 4. Immimostaining for parathyroid hor- 
mone-related protein (PTHrP) and the PTH/ 
PTHrP receptor in the kidney of foHc add-in- 
jured rats. Kidney sections of representative 
folic acid-treated {A and C) or -untreated (B 
and D) rats, showing inununolocalization of 
PTHrP by Ab-2 antibody (A and B), and of 
the PTH/PTHrP receptor by using Ab-VH 
antibody (C and D). A dramatic increase in 
PTHrP positivity was observed in both proxi- 
mal and distal tubules in foUc acid-treated rats. 
In contrast, PTH/PTHrP receptor staining, 
which was present in the basolateral mem- 
branes of the proximal tubules in the kidney 
cortex of control rats, almost disappeared at 
72 hours after folic acid injection. Negative 
control without primary antibody (E). Magni- 
fications XlOO (A-C and E) and X500 (D). 
Reproduction of this figure in color was sup- 
ported by the Spanish Ministry of Science and 
Technology. 
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glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 
was amplified using specific primers as a constitutive 
control [15]. The reaction mixture (10 |jlL), with 0.5 ixCi 
[a '2p]dCTP (3000 Ci/mmol; NEN Life Science Products, 
Zaventem, Belgium), was incubated for 45 minutes at 
48°C and two minutes at 95°C, followed by 30 cycles of 
one minute at 95°C, one minute at 60°C, and two minutes 
at 68°C, with a final extension of seven minutes at 68°C. 
Preliminary experiments estabhshed that these conditions 
provided a linear cDNA ampUfication in each case. 
'^P-labeled PCR products were separated on 4% poly- 
acrylamide gels, which were dried and exposed to auto- 
radiographic film. Values obtained after densitometric 
scanning (ImageQuant; Molecular Dynamics, Sunny- 
vale, CA, USA) of the different PCR products were 
normalized against those of the corresponding GAPDH 
product. 
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1 ig. 3. Parathyroid liormone-relaled protein (PTHrP) and c-los mRNA 
in the rat kidney following folic acid injury. Total RNA was isolated 
from Ihc kidnev of folic acid-treated or -untreated rats at different time 
periods, (yl) Pl HrP and GAPDH mRNA, a constitutive control, and 
(«) c-fos niRNA were evaluated by RT-PCR. (A) Densitometric analy- 
sis corresponding to changes in PTHrP mRNA levels, corrected to those 
of GAPDH mRNA, induced by folic acid. Results are mean ± SEM 
corresponding to two different total RNA pools, each obtained from 
five different animals, and three individual animals per group. *P < 
0.01 compared with control (C; 100%). 



RNase protection assay 

RNase protection analysis was performed as described 
by Thiede et al [29], using 40 (xg of total RNA and a 
481 bp antisense cRNA probe, corresponding to a 151 
to 631 bp fragment of the coding region of the rat PTH/ 
PTHrP receptor gene, cloned into the PCR-II plasmid 
(Invitrogen, Groningen, The Netherlands). An antisense 
cRNA probe corresponding to a 115 bp fragment of the 
human 28S rRNA gene (Ambion, Austin, TX, USA) was 
used as an internal standard. Antisense cRNA probes 
were '^P-labeled and hybridized to total RNA from each 
sample in 80% formamide, 40 mmol/L piperazine-N,N'- 
bis(2-ethanosulfonic acid), pH 6.7, and 400 mmol/L NaCl, 
at 55°C overnight. Samples were sequentially treated 
with RNase A (40 fxg/mL), RNase Tl (2 fJig/mL), and 
proteinase K (60 jjig/mL). RNA hybrids were then phe- 
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Fig. 5. PTH/PTHrP receptor in tlie rat Iddney following folic acid 
injury. Total RNA was isolated from the kidney of folic acid-treated 
or -untreated rats at different time periods. (A) Autoradiogram showing 
the analysis of the PTH/PTHrP receptor mRNA, and 28S mRNA as a 
constitutive control, using RNase protection assay. (B) Densitometric 
analysis of changes in the PTH/PTHrP receptor mRNA levels, corrected 
to those of 28S mRNA, induced by folic acid. Results are mean ± SEM 
corresponding to three different total RNA pools each obtained from 
five different animals per group. *P < 0.05; ** p < 0.01 compared with 
control (100%); 'P < 0.02 compared with the value at six hours. FA, 
folic acid; C, control. 

nol/chloroform extracted, followed by ethanol precipita- 
tion. Protected fragments were fractionated on 6.5% 
polyacrilamide/7 mol/L urea sequencing gels and ana- 
lyzed by autoradiography. Values obtained after densito- 
metric scanning of the PTH/PTHrP receptor bands were 
normalized against those of the corresponding 28S band. 

PTHrP assay 

Parathyroid hormone-related protein in rat plasma 
and NRK 52E cell-conditioned medium was measured by 
an immunoradiometric assay, using affinity-purified rabbit 
antisera against rat and human PTHrP (1-36) as signal 
and capture antibodies, with a sensitivity of 1 pmol/L [30]. 



The cell-conditioned medium was freeze dried and then 
tenfold concentrated in assay buffer before assay. 

Statistical analysis 

Results are expressed as mean ± SEM throughout 
the text. Statistical analysis was performed by either the 
Kruskal-Wallis test or Mann- Whitney test, when appro- 
priate. P < 0.05 was considered significant. 

RESULTS 

Changes in renal function after folic add injection 

The mean values for plasma creatinine and BUN in 
foUc acid-injected animals were significantly increased 
at one hour, peaked at 24 hours, and plateaued up to 
day 6, decreasing thereafter, as compared with the corre- 
sponding mean values in vehicle-treated animals (Fig. 
1). At day 10 after folic acid administration, rat plasma 
creatinine and BUN levels reached the corresponding 
values in the control rats (Fig. 1). 

Changes in renal morphology after folic acid-induced 
acute injury 

Histological examination of rat kidney tissue samples 
indicates that at one hour after foHc acid injection, the 
renal cortex showed tubular distention, and foUc acid 
precipitation presented as yellowish casts in the renal 
medulla. At six hours following foHc acid administration, 
tubular dilation was a consistent finding, and edema and 
yellowish casts also were observed in the proximal tu- 
bules. At this time period, the tubular epithelium began 
to become thinner, showing cells coming off from the 
basal membrane into the lumen, and even some tubules 
were fragmented (Fig. 2). In addition, occasionally at 
this time period, folic acid deposition was evident in the 
glomerular mesangium. Moreover, yellowish casts were 
present in both the urinary space and the glomerular 
capillary tufts, which were clearly dilated (Fig. 2). At 24 
hours, folic acid deposits were only present in tubules 
of the renal medulla, while no such deposits could be 
observed at 48 hours. Ten days after folic acid-induced 
injury, some tissue disorganization, including edema and 
tubular dilation, was stiU evident. 

Increase of renal PTHrP expression following folic 
acid injury 

Using semiquantitative RT-PCR, we found that PTHrP 
mRNA in the rat kidney was rapidly (1 hour) and maxi- 
mally increased after fohc acid injection, being threefold 
over that of vehicle-treated rats, decreasing after six hours 
(Fig. 3A). This response pattern was similar to that ob- 
served with the protooncogene c-fos mRNA in these 
animals (Fig. 3B). 

Furthermore, immunohistochemistry was performed 
to assess the sites of PTHrP changes in the rat kidney. 
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Fig. 6. Renal tubular cell proliferation fol- 
lowing folic acid injury. Tubular cell prolifera- 
tion in the kidney of folic acid-treated and 
-untreated rats at different time periods was 
evaluated by immunohistochemistry using a 
PCNA antibody. Staining in tubule cell nuclei 
in either a folic acid-treated (A) or a vehicle- 
treated rat (5) at 24 hours. Magnification XlOO. 



At 72 hours after folic acid treatment, when renal function 
was maximally decreased, an increased PTHrP staining 
in the renal cortex was found (Fig. 4 A, B). The corre- 
sponding score values in the renal tubules and glomeruli 
were as follows: 2.5 ± 0.2 and 1.7 ± 0.1 compared with 
control rats (1.5 ± 0.1 and 1.0 ± 0.1, respectively, P = 
0.03); meanwhile, at day 10, when renal function had 
normalized, these score values were not different from 
those in the controls (1.9 ± 0.2 and 0.9 ± 0.3, respectively, 
= 5). 

The renal PTH/PTHrP receptor decreases after folic 
acid injury 

The PTH/PTHrP receptor mRNA was found to de- 
crease in association with the decrease in renal function 



in the rat kidney after fohc acid administration, according 
to the RNase protection assay (Fig. 5) and RT-PCR 
(data not shown). Furthermore, PTH/PTHrP receptor 
immunostaining, which was present in both basolateral 
and luminal membranes in the renal cortical tubules of 
control rats, dramatically decreased at 72 hours following 
folic acid treatment (Fig. 4 C, D). 

PTHrP increases renal tubular cell proliferation 
following folic acid injury 

Folic acid was found to induce an increase in the num- 
ber of proliferating renal tubular cells, which was dra- 
matic between 24 and 72 hours and no longer present 
at 10 days following folic acid injection (Fig. 6). This 
tubular cell hyperplasia was not accompanied by an in- 
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mean ± SEM of four to six animEils at each 
time period. *P < 0.025 compared with value 
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at 240 hours. 



Table 1. Plasma immunoreactive PTHrP (1-36) at 30 minutes after 
subcutaneous injection of PTHrP (1-36) 







Concentration 


Condition 


body weight 


pmollL 


FA 




<l-2 


FA-I- PTHrP 


50 


27 ±10 


FA+ PTHrP 


3 


30 ±9 


FA+ PTHrP 


0.3 


10 ±2 



Data are mean ± SEM of 6-8 rats. Abbreviations are: PTHrP, parathyroid 
hormone-related protein; FA, folic acid. 



creased renal hypertrophy. Thus, the protein content of 
the rat kidney at 24 and 72 hours after folic acid treat- 
ment was (g/g), 0.6 ± 0.1, and 0.7 ± 0.1 compared with 
0.5 ±0.1 (control, = 5), respectively. 

To investigate the relationship between the increase 
of PTHrP in the rat kidney and renal hyperplasia induced 
by folic acid, PTHrP (1-36) was administered into rats 
shortly after folic acid injection. This peptide, at the doses 
used, was rapidly absorbed and present in rat plasma 
after its subcutaneous injection (Table 1), consistent with 
previous findings in humans [20]. A single administration 
of either 3 or 50 |JLg/kg body weight, but not 0.3 fxg/kg, 
of PTHrP (1-36) into these animals significantly increased 
the number of PCNA-positive tubular cells at 24 hours 
after folic acid injection (Fig. 7A). In contrast, at this time 
period, PTHrP (1-36) administration did not significantly 
increase PCNA immunostaining in the glomerulus in 
these animals: 0.8 ± 0.4 and 0.6 ± 0.3 positive cells per 
glomerulus in foUc acid-mjected rats, untreated or treated 



with 50 (xg/kg P ri IrP (1-36), respectively {N = 5). This 
effect of exogenously administered PTHrP (1-36) on tu- 
bular proliferation was associated with a significant de- 
crease in PTHrP mRNA (Fig. 7B). On the other hand, 
this mitogenic effect of PTHrP (1-36) was not associated 
with significant changes in either plasma calcium (data 
not shown) or renal function (Table 2). Moreover, no 
significant correlation was found between tubular cell 
proliferation and either plasma creatinine or BUN at 
24 hours following fohc acid injection and PTHrP (1-36) 
(3 or 50 fxg/kg) treatment [r = 0.30, P = 0.229 (plasma 
creatinine) or r = 0.23, P = 0.328 (BUN), = 20]. 

Renal expression of ACE and preproET-1 in rats with 
folic add injury 

Angjotensin-converting enzyme mRNA increased two- 
fold in the kidney of folic acid-injected rats at 24 hours, 
when renal function was maximally decreased, compared 
with vehicle-treated controls (Fig. 8). Exogenous admin- 
istration of PTHrP (1-36), in contrast to its tubular prolif- 
erative effect, was not shown to affect this increased 
ACE mRNA significantly within the same time frame 
in these animals (Fig. 8). On the other hand, preproET-1 
mRNA did not change after either folic acid or PTHrP 
(1-36) treatments in these rats (Fig. 8A). 

Ang II immunoreactivity in the kidney of 
folic acid-injured rats 

Ang II immunoreactivity was also localized in the rat 
kidney before and after foUc acid injection. In vehicle- 
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Fig. 7. Effect of PTHrP(l-36) administration 
on tubular ceD proliferation and PTHrP mRNA 
in the rat kidney after folic acid injury. Differ- 
ent doses of PTHrP (1-36) were administered 
subcutaneously into rats 1.5 hours after folic 
acid or vehicle injection. Twenty-four hours 

bv PC^NA slninins' and Pi lliP mRNA was 
analyzed bv Rl -P( R. (/I) Slaininc score val- 
ues UL iiK in SI M <,l SIX I lis >P < 0 01, 
P OO^compiiLdxMlh 1 \ ilont "P < 0 05, 
' /' , compaicd n ilh values correspond- 
nis lo b'A and cilhcr Fl llrP ( 1-36) at 0.3 or 
?0 M-P'kf. body \vl. rcspcclivclv. {B) Represen- 
tative results of two different pools of total 
RN A from three different animals m each case. 
GAPDH mRNA is shown a 
control. FA, folic acid. 



Table 2. Plasma creatinine and blood urea nitrogen (BUN) in 
vehicle (control)- and folic acid (FA)-treated rats, with or without 
parathyroid hormone-related protein (PTHrP) (1-36), at 24 hours 



Condition 




Creatinine 


BUN 

iL 


Control 




0.5 ±0.03 


15 ±1 


FA 




2.0 ±0.2' 


80 ±9" 


Control + PTHrP 


50 


0.5 ±0.01 


13±1 


FA+ PTHrP 


50 


2.5 ±0.3'' 


96 ±7" 


FA-I- PTHrP 


3 


2.4 ±0.4'' 


111 ±8'' 


FA-I- PTHrP 


0.3 


1.7 ±0.3'' 


105 ± 15'' 



Data represent mean ± SEM of 6 animals per g 
'P < 0.01, relative to control value 

< 0.01, relative to control + PTHrP value 



injected animals, Ang II immunostaining was found in 
the cytoplasm of tubular cells, which was prominent in 
the brush border (Fig. 9B). At 24 hours following foUc 
acid injection, intense Ang II positivity was mainly local- 
ized into tubular cell nuclei (Fig. 9C). 

Role of PTHrP on folic acid-induced injury in renal 
epithelial cells 

To explore the mitogenic effect of PTHrP on renal 
tubular cells in folic acid-treated rats further, we used the 
rat renal epitheUal cells, NRK 52E. These cells express 
PTHrP and the PTH/PTHrP receptor (Fig. lOA). Treat- 
ment of these cells with 10 mmol/L folic acid stimulated 
PTHrP mRNA expression, representing twofold over 
that of vehicle-treated cells at six hours (Fig. 10). In 
addition, PTHrP immunoreactivity in the cell-condi- 
tioned medium in the presence of folic acid for 24 hours 
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was 0.9 ± 0.2 fmol/mg cell protein, while it was undetect- 
able in vehicle-treated medium for the same time period. 
On the other hand, 10 mmol/L foUc acid failed to affect 
the PTH/PTHrP receptor mRNA within the same time 
frame (Fig. lOA). 

The presence of two different anti-PTHrP antibodies 
in the cell-conditioned medium significantly reduced the 
cell number after 48 hours (Fig. 11). Moreover, the addition 
of 10 mmol/L foUc add to NRK 52E cells for the same 
time period induced a decrease in the cell number, which 
was significantly lower in the presence of the anti-PTHrP 
antibodies but not nonimmune rabbit IgG (Fig. 11). 

DISCUSSION 

Parathyroid hormone-related protein and/or the PTH/ 
PTHrP receptor are present in the adult kidney in vari- 
ous nephron sites, including proximal, distal, and collect- 
ing tubules, the glomerular podocytes, and also in the 
intrarenal arterial tree and the macula densa [1, 3, 4, 31, 
32]. In the kidney, PTHrP appears to affect glomerular 
function by both its direct interaction with the contracting- 
relaxing capabilities of glomerular mesangjal ceUs and 



through its potent vasodilatory effect [3, 7, 9, 10]. In addi- 
tion, in vitro studies have demonstrated that this factor is 
mitogenic for various renal cells, including mesangial 
cells, distal tubule-like cells, and proximal tubule cells 
[4, 10-13]. Renal PTHrP expression increases in vivo in 
rats during the recovery phase after ischemic injury and 
also in rats with chronic renal failure [4, 14, 15]. 

The recovery of renal function after nephrotoxic or 
ischemic acute renal failure requires the repair of the 
damaged renal tubular epithelium, which is apparently 
dependent on the local production of several growth 
factors and cytokines [33, 34]. Recent in vitro findings 
suggest an emerging role for PTHrP in the process of 
renal regeneration following renal ischemia [13]. The 
present study evaluated the possible involvement of 
PTHrP in the intense renal tubular hyperplasia following 
acute renal injury induced by folic acid [16-18]. PTHrP 
was rapidly and transiently increased in the kidney of 
folic acid-injected rats. Moreover, PTHrP immunostain- 
ing increased in both tubules and glomeruh, associated 
with the maximal decrease of renal function foUowing 
folic acid injection. In the renal ischemia model, using 
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Fig. 9. Immunostaimng for angiotensin II (Ang II) in the Iddney of 
folic add (FA)-injured rats. Kidney sections of representative FA- 
treated (C) or -untreated (A and B) rats, showing Ang II immunolocali- 
zation (B and C). Angiotensin II staining was mainly present in the 
luminal membranes of cortical tubules in the kidney cortex of control 
rats (B). In contrast, Ang n positivity was predominantly associated 
with renal tubule cell nuclei in the kidney of FA-treated rats (C). Similar 
findings were observed in at least four different animals per group. 
Negative control without primary antibody (A). Magnifications X200 
(A) and XlOO (B and C). 



an anti-PTHrP antibody with a similar specificity to that 
of the antibody used herein, a dramatic increase in tubu- 
lar, but not in glomerular, PTHrP staining was found in 
the rat kidney during the recovery phase after ischemia 



d folic acid in ARF 

[4]. These different results regarding glomerular PTHrP 
staining in both models of acute renal injury might be 
explained by differences in either antibody affinities or 
the immunohistochemical technique used in both stud- 
ies. However, these findings also suggest that different 
underlying mechanisms mediate the glomerular response 
in these two animal models of acute renal damage. In 
this regard, putative glomerular damage associated with 
the observed folic acid deposits in the glomerulus could 
be responsible for the increased glomerular PTHrP stain- 
ing in rats with folic acid injury. Our findings indicate 
that these deposits, which had previously been reported 
to occur only in the renal tubules, can also occur in the 
glomerulus. Furthermore, in this segment, some dilated 
capillaries were observed near the yellowish foUc acid 
deposits in the mesangjum, suggesting folic acid deposi- 
tion in the capillary lumen, which would affect renal 
microcirculation. 

The present study found, to our knowledge for the 
first time, an up-regulation of ACE mRNA in the kidney 
of folic acid-treated rats. Interestingly, intense Ang II 
immunostaining was localized mainly in the nuclei of 
renal tubular cells in these animals. In this regard, ACE 
and/or Ang II immunoreactivity previously have been 
found in the cell nucleus in several tissues, including the 
kidney [35-37]. In one of these studies, an Ang II- 
induced nuclear targeting of the Ang II subtype 1 (ATi) 
receptor has been demonstrated in rat neurons, which 
possibly is related to the chronic neuromodulatory ef- 
fects of Ang II [37]. Whether such a mechanism has a 
putative role in the folic acid-injured kidney is presently 
unknown. 

We found that the PTH/PTHrP receptor, both its 
mRNA expression and immunostaining, dramatically 
decreased in the rat kidney associated with folic acid- 
induced renal injury. The changes in PTHrP and the 
PTH/PTHrP receptor as found herein are consistent with, 
but opposite to, those reported for other growth factors 
and their receptors, such as for epidermal growth factor 
and hepatocyte growth factor (HGF), which have a role 
in the renal regenerative process in this model of acute 
renal faUure [33, 34] . Down-regulation of the PTH/PTHrP 
receptor, as found in the present study, has been reported 
to occur in other models of renal injury associated with 
increased renal PTHrP [4, 15]. In this regard, PTH treat- 
ment has been shown to decrease PTH binding and PTH- 
stimulated cAMP accumulation in renal cells both in 
vitro and in vivo [38-40]. Moreover, the increase in renal 
Ang II in folic acid-injected animals also could down- 
regulate the PTH/PTHrP receptor, as occurs in vascular 
smooth muscle cells [41]. Indeed, there is evidence sug- 
gesting the existence of PTHrP receptors other than the 
PTH/PTHrP receptor in different tissues and in the kid- 
ney [1, 10, 28, 42]. On the other hand, PTHrP and/or 
the PTH/PTHrP receptor can be internalized into the 
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Fig. 10. Effect of folic add on paratliyroid liromone-related protein 
(PTHrP) and tlie PTH/PTHrP receptor mRNA in NRK 52E ceDs. CeUs 
were serum-depleted for 24 hours before the addition of 10 mmol/L 
fohc acid for different time periods. (A) Autoradiograms showing the 
analysis of PTHrP and the PTH/PTHrP receptor mRNA and GAPDH 
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Fig. 11. Effect of folic acid and different anti-PTHrP antibodies on 
NRK 52E cell number. Subconfluent cells were incubated for 48 hours 
in serum-depleted medium with or without 10 ni niol/1 , folic acid in the 
presence or absence of either anti-PTHrP ajiliscium (7 or C13 or 
nonimmunogenic rabbit IgG at 5 (xg/mL. Then, viable cells were counted 
in a hemocytometer. Values £ire mean ± SEM of results in three to six 
different cell cultures in triplicate. *P < 0.01 compared with antibody- 
untreated (basal) control value; **P < 0.01 compared with the folic 
acid-treated basal value. 



nucleus in several cell types, including renal cells [43-45]. 
Clarification of the possible relevance of these mecha- 
nisms for the renal effects of PTHrP awaits further 
studies. 

The PTHrP mRNA up-regulation in the kidney of folic 
acid-injured rats was found to precede the associated 
increased proliferation in renal tubular cells. In this re- 
gard, a recent study has demonstrated that both HGF 
and its c-met receptor gene expression show a similar 
response pattern in this rat model of acute renal injury 
[34]. However, opposite to the increased PTHrP immu- 
nostaining found herein, a decrease in HGF protein lev- 
els was observed in the kidney of rats with foHc acid 
injury [34]. The results of this study indicate that the 
renal increase of c-met, which appears to be modulated 
by various cytokines, appears to be a mechanism partici- 
pating in the process of renal regeneration in this model 
[34]. Thus, the possibility exists that PTHrP interacts 
with this and perhaps other growth factor receptors in 
renal cells to modulate the renal regenerative response 
induced by folic acid acute injury. 

In the present study, a single dose (3 or 50 jJig/kg) of 
exogenously administered PTHrP (1-36) shortly after 
fohc acid injection significantly increased the number of 



mRNA as a constitutive control, using RT-PCR. (B) Changes in PTHrP 
mRNA levels, corrected to those of GAPDH mRNA, in cells exposed 
to folic acid. Results are mean ± SEM of values obtained with total 
RNA isolated and pooled from three different culture wells in three 
different cell cultures. *P < 0.05 compared with control (100%). FA, 
folic acid. 



APPEAL BRIEF Serial No. 10/520,085 



Evidence Appendix (e) - Page 1 3 of 14 



994 Santos et al: PTHrP and folic acid in ARF 



PCNA-stained tubular cells at 24 hours, following a peak 
of PTHrP in plasma. This new finding demonstrates that 
PTHrP displays mitogenic features for renal tubular cells 
in vivo. On the other hand, exogenous PTHrP had no 
effect on the time frame for the recovery of renal func- 
tion in these rats after foHc acid injury. In fact, we found 
that the decreased renal function did not correlate with 
tubular cell growth in folic acid-injected rats, treated or 
not with PTHrP (1-36). It is hypothesized that changes 
in the renal microvasculature associated with foHc acid 
injury overshadows any putative beneficial effects of 
PTHrP on renal function following the PTHrP-induced 
increase in tubular growth in this animal model. More- 
over, the changes in Ang II as found herein might trigger 
an additional deleterious effect on the renal microcircu- 
lation in this animal model of acute renal failure. Further 
studies are needed to test this hypothesis. Our present 
study also found that PTHrP (1-36) administered in vivo 
at a dose triggering the renal tubular proliferative effect 
decreased renal PTHrP mRNA in foHc acid-treated rats. 
This suggests that homologous down-regulation would 
affect both PTHrP and the PTH/PTHrP receptor expres- 
sion in renal tissue. 

Previous data support the notion that foHc acid might 
induce direct nephrotoxic effects despite its obstructive 
effects in the renal tubules [18]. Thus, we examined the 
possible effects of folic acid on the expression of both 
PTHrP and the PTH/PTHrP receptor and on renal tubu- 
lar cell growth in renal epithelial cells in vitro. We found 
that 10 mmol/L folic acid stimulated PTHrP mRNA in 
rat NRK 52E cells within a time frame similar to that 
observed in folic acid-treated rats and that it also in- 
creased PTHrP levels in the cell-conditioned medium. 
In contrast, the levels of the PTH/PTHrP receptor 
mRNA in these cells were unchanged by foUc acid over 
the same time period. Consistent with this finding, post- 
transcriptional events have been shown to be the main 
mechanisms for this receptor desensitization in another 
renal cell line [39]. We found that foUc acid decreased 
the cell number, but this decrease was lower in the pres- 
ence of anti-PTHrP antibodies in the cell-conditioned 
medium, suggesting that endogenous PTHrP can coun- 
teract in part the antiproliferative effect of folic acid in 
these cells. Interestingly, and similar to previous findings 
in other tubular cell preparations [11-13], this autocrine 
effect of PTHrP also was found to affect normal NRK 
52E cell growth. 

In summary, the present study found that renal PTHrP 
was rapidly and transiently increased in rats with folic 
acid-induced acute renal failure, featuring an early gene 
response. These findings demonstrate that the exogenous 
administration of PTHrP (1-36) increases tubular ceU 
proUferation after foUc acid injury. Moreover, folic acid, 
in a similar manner to that in vivo, directly stimulates 
PTHrP mRNA expression in rat renal epithelial cells in 



vitro, which affects the growth of these cells. Our results 
support the notion that PTHrP plays a role in the regen- 
erative process following acute renal injury induced by 
folic acid. These findings also lend support to the hypoth- 
esis that PTHrP up-regulation is a common event associ- 
ated with renal injury and repair. In addition, our findings 
suggest that the renin-angiotensin system could partici- 
pate in the mechanisms responsible for the altered renal 
function in this model. 
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Background. Clinical use of cyclosporine (CsA) is 
limited by its known nephrotoxicity. Parathyroid hor- 
mone (PTH)-related protein (PTHrP) increases after 
acute renal ischemia and stimulates proliferation of 
renal cells in culture. Herein, we have examined 
whether the renal expression of PTHrP and its PTH/ 
PTHrP receptor is affected by chronic CsA nephrotox- 
icity. 

Methods. Rats were randomly assigned to receive 
daily intramuscular injections of cither CsA (25 mg/kg) 
or the same volume of the vehicle olive oil (control) for 
S weeks. At this time interval, under ether anesthesia, 
rat blood and kidneys were obtained for analytical 
determinations, and total RNA isolation or immuno- 
histochemistry, respectively. 

Results. Serum urea was 11±2 and 6±1 mmoI/L 
(P<0,01) in CsA-treated and control rats, respectively. 
We found that PTH/PTHrP receptor mRNA was un- 
changed, but PTHrP mRNA, and also transforming 
growth factor-/^!, raRJNA expression as positive control, 
was about twofold increased in the kidney of CsA- 
treated rats. This was accompanied by increased 
PTHrP immunostaining in renal cortical tubules, as- 
sociated with tubule vacuolation. 

Conclusion. This study demonstrates an up-regula- 
tion of PTHrP, associated with chronic CsA-induced 
nephrotoxicity. Our findings support a role for PTHrP 
in the CsA-injured kidney. 

The fungal peptide cyclosporine (CsA*) has proven to be a 
powerful tool in the prevention of allograft rejection. How- 
ever, clinical use of CsA is limited by its unpredictable neph- 
rotoxicity, tlie pathophysiology of which is unclear. Several 
studies indicate that CsA nephrotoxicity is associated with 
pregbmerular vasoconstriction, mediated at least in part by 
the CsA-induced increase of vasoactive growth factors (1, 2). 
In addition, the antiproliferative effects of CsA on renal prox- 
imal tubule cells in culture could contribute to the mecha- 
niam of tubular injury in CsA-treated subjects (,?). 

' This study was supported in part by a grant from the Spanish 
Fondo de InvestigaciSn Sanitaria (FIS 96/1167>. 

* Address correspondence to: P. Esbrit, Ph.D., Research Unit, Pun- 

daeion Jimenez Diaz, Avda. Reyes Catolicos, 2, 28040 Madrid, Spain. 

* Abbreviations: CsA, cyclosporine; tJAPDH, glycer aldehyde 
3-pho.sphfite dehydrogenase; PTH, parathyroid hormone; PTHrP, 
parathyroid hormone-reiated protein; RT-PCR, reverse transcription 
polymerase chain reaction; TGP, transforming growth factor. 



Parathyroid hormone (PTH)-related protein (PTHrP) was 
originally purified from tumors associated with hypercalce- 
mia and is now known to be the main factor responsible for 
the latter paraneoplastic syndrome. PTHrP is also present in 
a variety of normal tissues, including the kidney, where it 
appears to aflect cell growth and/or cell differentiation in an 
auto paracrine fashion (4), In the kidney, the physiological 
rule of PTHrP is unclear, but it has recently been shown to 
stimulate growth in rat mesangial cells and rabbit proximal 
tubule cells (5, 6'). Interestingly, the raitogenic effect of 
PTHrP in the latter cells occurs in subconfluent but not in 
confluent cell cultures (6). Moreover, PTHrP increases in the 
rat renal tubule during the recovery phase after acute renal 
isd-iemia (5). Thus, PTHrP could be produced as a general 

In this study, we have investigated the expression of 
PTHrP and its PTH/PTHrP receptor in tfie kidney of CaA- 
treated rats. We have also examined the renal expression of 
transibrming growth factor (TGF)-j3], which is known to in- 
crease in rats with CsA-induced nephrotoxicity (7). 

The experiments were carried out on male Wistar rats (250 
g), which were divided into two groups. Six rats received 
daily intramuscular injections of CsA (Sandimmune, Sandoz, 
Basel Switzerland) (25 mg/lvg body weight), and another six 
animals were injected with an equivalent volume of the olive 
oil vehicle, for up to 3 weeks. One day before and at the end 
of the experimental period of study, the rats were put into 
metabolic cages and were deprived of food for 18 to 22 hr but 
allowed free access to tap water. Then, the animals were 
weighed, blood was taken by cardiac puncture under ether 
anesthesia, and excreted urine was collected. Serum and 
urine creatinine and serum urea were determined by 
autoanalyzer (Dimension AR, DuPont, Wilmington, DE). CsA 
in whole blood was measured by immunofluorescence (Abbot, 
Germany). 

Statistical analysis was performed using the unpaired Stu- 
dent's t test, and P<0.05 was considered significant. 

Over the 3-week treatment period, the gain in body weig.ht 
of CsA-treated rats was on average about 20% of that of the 
control group of animals. Creatinine and urea in serum were 
significantly higher (71i 9 iixaallL and 11±2 mmol/I.., respec- 
tively) and creatinine clearance was lower (0.24±0.04 ml/ 
min/lOO g body weight) in the CsA-treated group compared 
with tlie control group (58±9 ^ol/L. [P<0.05|, 6±1 mmol/L 
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Figure 1. PTIlrP (A), TGF-p, (B), and PTH/PTHrP receptor (C) 
niRNA expression in ttse kiduey from, ('sA-treated and control (c) 
riste. RT-PCR was carried out as described in the text. PCR products 
were eleetrophoresed on 5% polyacryiamide gels. The first column on 
the right are DNA markers. The rig:ure m representative of results 
obtained with six animals per group. 
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M 3 mere jpt I th UK 1 uid tuti] RNA w i i litcdKTwis 
tarried out with Moloney murine leukemia virus reverse 
tiaiisci ptaM (J hull lu i Uppbdld Sweden) at 37 ( lor 1 rii 
Rcsultinf? cDNA was then subjected to submaximal 
PCR mphfititiou with )aq I)\ \ poKintia J li 1 \{) 
Biciuu london I Kl m i n iti ion nii I m i\Mth 1 , C i o! 
[u'-'FidClPl uml lu 11 eqiiK p liic jjniut I< 
( A(,( ( ( \(rA( li f < M n 

cccAA,Ao niiin J U(j1( { 

\m\ I A^L iC I n Cl( TC H \L ( 
LMlci 1T( C fC.( ir( T( \T(t(tAt ^ ) ^tc,\ 

GCGC./^CGATCATGTTG-3' (TGP-j3, as positive control): and 
5'-TCCTGCACCACCAACTGCrrA-3' and 5'-ACCAC0CT- 
GlTGCTGTAGCC-3' (glyceraldehyde 3-phosphafce dehydro- 
genase [GAPDH] as a constitutive control). The PCR prod- 
ucts were separated on 5% polyacrvlamide s;'els and 
uuintiticd 1 \ dcii it mi lii sl mnitv iHti uiLtoiidi 
osensitive tiim. The P(jk ampldication Droductfi were ana- 
lysed lor authenticity by rc~>t,rictitji ci Mr i sti( i i ] 
sequencing. 

Ab shown in Figure 1, expression of botii I'lln-l-' mKNA 
and TGF-^Ji mRNA were induced in the kidn^v niter 3 weeks 
of treatment with CsA, The amount of PTHrP mRNA and 
that of TGF mR\ \ * \ e i i i t ) er that 
GAPDH which was i li i ( ( i la i^tr^atv, 

nf. (not ^hwn^ wul il out i\ iuji^i thin Ihce of 
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Out lb n Uitn of animu ibidTC / I au txpic'. ion m 
the whole rat kidney after OsA treatment is conaistent with 
recent findings m rodents treated with a CsA dose similar to 
that used in the present study (7. 9). These studies support 
the current concept that IGF-fi. a multilunotional cvtokme 
with cell growth mhibitorv and fibrogenic features (./£)>. is 
involved m the immunosuppressive and nephrotoxic efiects 
of CsA. 

We also assessed whether the increased ren.^il exprps.=iion of 
PTHrP mRNA was accompan b\ ai i iti l h i 
tein. 

Paraffin-embedded tissue sections t5 jxmi were inculcated 
with 5 /xg/m] affinity purified anti-FTHrP antibody Ab-2 
(Oncogene Science, Uniondale, NY), recognizing the se- 
quence (34-53) of human and rat PrHrP, and subsequently 



tespeflnelM \\h(!e Wood ts\ was J ,,Li he 

end oi treatment with CsA, whereas it was undetectable in 
the blood of rats in the control group. Systolic biood presvsure 
was not tested in our experimental animals. However, pre- 
vious studies did not find significant changes in. this param- 
eter after more prolonged treatment with the same CsA dose 
as used in the present study (.?, 7). 

To cietermme whether PTHrP and the PTH/T'li'HrP recep- 
c>ip ciixpre^-ie m the kidney oi C-^A I it-aied 1 Its we 
u^ta -itmiqu mtit f reverie tian'-tiiptiun noU ii li i 
1 il 1 n 1 T ,'i R) and/of immunoiia i u i 

\\ the ena oi thr . \penmtntal treatiPLiit imdci Uhci 
ane&thesia, the lat kid[LC\'- \ (u ptild^d v nh phobphate 
buffered sahnt pH 4 ihts ^le tlir-n jtmoved iiid either 
frozen laimeuiiiieiv in iiquid miiMgen or fixed ovenntrhl in 
10% iormalm and embedded in jiaralfin. 

Whole rat kidney tissue was homogenized with a gla; 




Teflon homogenizer in 4 M guanidine isothiocyanate and 0.1 responding control. 



spond to the latter ratio vaiiies for Pi Hrli' and IGfi'/i,. and for t 
PTHrP-R. re.spect(vely, * P<O.0i; ** P<0.05, compared with the ct 
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Figure 3. Iinmuiiohistocheniioal staining for PTHrP in kidiiey tissue sections froni control (A) and CaA-treated (B) rata, with anti-PTHrP 
(34 --53) antibody. Repre.sentative areas of intense staining associated with tubule vacuolization and brush border are indicated hy arrows 
and asterisks, ru,spoc.tively (original mafe^nification: X4301. 

inimunosiained by the avidin-biotm-peroxidase complex vehicle -treated rats revealed weak and diffuse cytoplasmic 
method ill). Sections were routinely counterstained with tubular staining (Fig. 3A). On light microscopic examination, 
hematoxylin and eosin. kidneys from CsA-treated rats showed tubule dilatation with 

Addition of anti-PTHrP antibody to kidney sections from irregular epithelium and vacuolization (Fig, 3B). 
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The mechanisms responsible for the m v 
of renal PTHrP by CsA are unknown. The 
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] up-reguiation 
j.^oconstncting 

peptid( endothLlin his bun ^h.AMi to hi_ ■,tiniulatod by CsA 
m pr 0^ \\ tuluik I dls 1 12 EnduLliclm and TGF (3 induce 
PTHrP mRlNA m rat aortic smooth muscle cells and human 
mvoinisiriai cells, rtispwtiveiv (4). Therefore, these mecha- 
11 r in I ) Um^ 1 H , I i-- in vivo stimulation of PTHrP 
in the renal tissue by CsA. 

A previous study has shown an overexpression of PTHrP in 
proximal tubule cells durmg the repair process after acute 
renal ischemia (5). In light of the growth effects of PTHrP m 
various kidney cell types (5. 6). the latter results and those of 
this studv of a model at chronic nephrotoxicity, taken to- 
gether, support the concept that PTHrP could play a regula- 
tory role during renal regeneration. 

In our study, we could not detect any effect of CsA on 
PTHrP immunostaining m renal arterioles, when present in 
the kidney sections. However, we cannot rule out the possi- 
bility that vascular production of PTHrP is increased m this 
situation, due to the relatively low sensitivity of the imniu- 
nohistochemical technique. Considering th(3 vasorelaxant ei- 
tect of PTHrP (13), its increase m the Hidnev might modulate 
the vessel conbractility associated wu li ( sA-mauced nepnro- 
toxicity. 

PTH/PTHrP receptor mRNA in the kidney from CsA- 
treated rats was unchanged compared with that of the con- 
trol group {.Figs. 1 and 2). PTH/l-'THrP receptor down-regu- 
lation associated with an increased PTHrP has been shown 
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recovery aftei u ati 1 1 n 
PTHrP receptor mRNA irj 
nephi 



nl 



Croat 



-t.miiold a 



l ilt kKinev m vivo by ohronie 
li--. ^ I ^enfc d multiple ftinc 



mRNA and pj-otein lo 
lieatnient wiM <■ ■-A. 
(ton Inr PniiP I 1 Uu 



Acknowledgments. ! he autnora thanK Dr. K- (ia^apo i iJppartmpnt 
of Clinical BiolIil ni In > n cu itunin uil^ mii Cs \ dcttimini 
tion« Ihpy aKo riiank i < dnl/os^ iDcpiUmcni ol 1 itholtj^v ioi 
teoliiiical assistance. A.G.-O. and CP. wore recipients of a fellowship 
Irom Fondo de Investigaci6n fcaiutana (FIS) and Fuiidacion Con- 
cliii.a RAbago. re.spectively. 

REPFRENCES 

1. Shehata M. El Nahas AM, Barkworth E. et al. Increa.sed plate- 

let-derived growth factor in the kidnoiya ot cyeiosporin-treatea 
rats. Kidney bit 1994; 46: 726. 

2. Kon V. Sugiura M. inagami T, et al. Role of endothelin m cyclo.^- 

ponn-induced glomeralar dysfunction. Kidney Iiit 1991; 37: 
1487. 

3. Ryffel B, Poxwell BM, Gee A, et al. Cyclosponne— relationstiip ot 

side effects to mode of action, Iranspiantation 1988: 46 {suouD: 



:. Phi!brick WM, Wy,Mlmr- 
roles of parathyroid iu 
lology. Endocr Rev 19; 

., Soifer NE. Van Why SK. 



I Gilbi nth =5 I 



MB a 



int:luding the rat kidney during 
1 ischemia C.5). ftecently, PTH/ 
ne Kidney of uremic rats alter Ve 

doo.MSL corapmd with th d of 
ht lULu lucn Lhuush ohsma 
nephr, 



during ti i\ fiom tit >1 i-^i hen n i I Im [n\ist J^'-H <)„ 
2850. 

1, Garcia-Ocana A, de Miguel h: Penaranda G. at al. Parathyroid 
hormone -related protem is an atitocnne modulator of rabbit 
proximal tubuie cell gi-owth, J Bone Miner Res 1995; 10: 187.^. 
Shihab .FS, Andoh TF. Tanner AM, et al. Role of transfbrmiiiB 
growtli factor-pj m experimental chronic cvrlriiHiionni^ ne- 
phropathy. Kidney Int 1996: 49: 1141, 

I. Penaranda C, Garcia-Oca&a A, Sarasa Jl.. rcKf>rii. i'. i ivnci i:)i> 
phy of rabbit proximal tubule cells is ,is,soci:i(,(id witii ovi^rex- 



-uponno. Transplantation 1997: fiJi: J.037. 
), Moses H.L, Yang EY, Pletenpol JA. TGF-/3 .stimulation and inlii- 
bition of cell proliferation: new mechanistic maighta. Cell 1990; 
63; 245. 

L. Albar JP, de Miguel P, Eisbnt P, et al. Immunohistochemicai 
detection of parathyroid hormone-related protein m a rare 
variant of hepatic neoplasm (sclerosing hepatic carcinoma). 
Hum Patiiol 1996: 27: 728. 

' OngACM )Q\\cttTP Scoblt JL li d Efka f odo-p nn 4 on 



mRNA expression. 



?W imjDaired rona! function than 
n the present study. In fact, the 
T mRNA appeared to correlate 
r enal failure m the former ani- 
data do not rule out a putative 
regulation induced by the ob- 
nuc-,.1 1 t ppiioveishad 
possible stimulatoi-v eff ect of CsA on tliLS receptor 



ti.p 1 



1 h 



raid h 



14 Unni P Kubrinly M MannstJcU VI, et ai 'the renal FTW 
p] I-IrP receptor is down-regulated m rats with chronic renal 
failure. Kidney Int 1994: 45: 605. 

Received 24 June 1997. 
Accepted 17 December 1997. 



APPEAL BRIEF Serial No. 10/520,085 



Evidence Appendix (g) - Page 1 of 10 



American Journal of Pathology, Vol. 158, No. 6, June 2001 
Copyright O American Society for Investigative Pathology 

Animal Model 

Humoral Hypercalcemia of Malignancy 

Severe Combined Immunodeficient/Beige Mouse Model of 
Adult T-Cell Lymphoma Independent of Human T-Cell 
Lymphotropic Virus Type-1 Tax Expression 
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The majority of patients with adult T-cell leuliemia/ 
lymphoma (ATL) resulting from human T-cell lym- 
photropic virus type-1 (HTLV-l) infection develop hu- 
moral hypercalcemia of malignancy CHHM). We used 
an animal model using severe combined immunode- 
ficient (SCID)/beige mice to study the pathogenesis of 
HHM. SClD/beige mice were inoculated intraperitone- 
ally with a human ATL line (RV-ATL) and were eutha- 
nized 20 to 32 days after inoculation. SCID/beige mice 
with engrafted RV-ATL cells developed lymphoma in 
the mesentery, liver, thymus, lungs, and spleen. The 
lymphomas stained positively for human CD45RO 
surface receptor and normal mouse lymphocytes 
stained negatively confirming the human origin of 
the tumors. The ATL cells were immunohistochenii- 
cally positive for parathyroid hormone-related pro- 
tein (PTHrP). In addition, PTHrP mRNA was highly 
expressed in lymphomas when compared to MT-2 
cells (HTLV-l-positive cell line). Mice with lymphoma 
developed severe hypercalcemia. Plasma PTHrP con- 
centrations were markedly increased in mice with 
hypercalcemia, and correlated with the increase in 
plasma calcium concentrations. Bone densitometry 
and histomorphometry in lymphoma-bearing mice 
revealed significant bone loss because of a marked 
increase in osteoclastic bone resorption. RV-ATL cells 



contained 1.5 HTLV-l proviral copies of the tax gene 
as determined by quantitative real-time polymerase 
chain reaction (PCR). However, tax expression was 
not detected by Western blot or reverse transcriptase 
(RT)-PCR in RV-ATL cells, which suggests that factors 
other than Tax are modulators of PTHrP gene expres- 
sion. The SCID/beige mouse model mimics HHM as it 
occurs in ATL patients, and will be useful to investi- 
gate the regulation of PTHrP expression by ATL cells 
m vivo. (Am J Pathol 2001, 158:2219-2228) 



Humoral hypercalcemia of malignancy (HHM) is an im- 
portant paraneoplastic syndrome occurring in humans 
with a wide variety of cancers,"' Parathyroid hormone- 
related protein (PTHrP) was originally isolated from spe- 
cific tumors as the primary cause of HHM^ and is over- 
expressed by many types of neoplasms.^ PTHrP is a 
polypeptide hormone discovered in 1987 and is structur- 
ally similar to parathyroid hormone (PTH),"'"'^ Amino-ter- 
minal peptides of PTHrP have been shown to exert PTH- 
like actions in bone and kidney by binding to a common 
receptor for PTH/PTHrP (PTH-1 receptor) and resulting in 
hypercalcemia/"^ The primary mechanism for bone loss 
and hypercalcemia in patients with lymphoma is in- 
creased osteoclastic bone resorption induced by hu- 
moral mediators produced by neoplastic cells/" It has 
been demonstrated that expression of PTHrP mRNA in 
both humans and animals correlates well with the occur- 
rence of hypercalcemia and hypercalcemia in tumor- 
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bearing animals is corrected by a neutralizing antibody to 
PTHrP."'i2 

Adult T-cell leukemia/lymphoma (ATL) is an aggressive 
and often fatal malignancy of helper/inducer T lymphocytes 
(CD4) caused by infection with a complex retrovirus, human 

T-cell lymphotropic virus type 1 (HTLV-1)."'^'""' Hypercalce- 
mia is frequently observed in ATL patients and represents a 
life-threatening complication of this disease."'^ The virus 
contains, in addition to gag, pol, and env genes, a regu- 
latory gene region (pX) that encodes several proteins 
from four open reading frames, including Tax.""^ "'^ Tax is 
a 40-kd nuclear-localizing phosphoprotein that increases 
viral transcription from the HTLV-1 LTR, as well as many 
cellular genes including interleukin (IL)-2, IL-2 receptor 
(IL-2R) a chain, "'^ and PTHrP."'^ It also has been reported 
that Tax transactivates the PTHrP gene promoter in 
vitro.^ In contrast, little is known about regulation of the 
PTHrP gene in HTLV-1 lymphoma cells in vivo. Moreover, 
very low levels of tax mRNA are present in ATL cells in 
vivo.^^'^^ Thus, factors other than Tax are likely respon- 
sible for transcription of the PTHrP gene in ATL cells in 
vivo. ATL cells from patients can secrete other humoral 
factors such as IL-1j3,^^ transforming growth factor-|3 
(TGR-jS),^"* and tumor necrosis factor-j3 (TNF-j3).^^ These 
cytokines have been shown to induce bone resorption in 
humans.^ Moreover, IL-2 increases PTHrP production 
and secretion in HTLV-1 -infected T cells. ^'"'^^ In addition, 
PTHrP and IL-6 act synergistically in the development of 
hypercalcemia in patients with hematological malignan- 
cies.^^ Other cytokines, such as TGF-j3, TNF-a, and IL-1, 
up-regulate PTHrP gene expression in a variety of non- 
lymphoid cell lines and tissues. Nevertheless, little is 
known about their action on PTHrP expression in HTLV- 
1 -infected lymphocytes. 

We have previously reported development of lym- 
phoma in severe combined immunodeficient (SCID) mice 
inoculated with peripheral blood lymphocytes from ATL 
patients.^"' However, SCID/beige (bg) mice were chosen 
in the present study because they previously have been 
shown to have a greater efficiency for xenografting neo- 
plastic human lymphoid tissue in comparison with SCID 
mice. SCID/bg mice lack natural killer (NK) cell activity 
and have macrophage defects in addition to lack of 
functional B and T lymphocytes. 

There is little new information on the pathogenesis of 
HHM in humans because of the lack of relevant in vivo 
models. We have demonstrated that ATL cells develop 
lymphoma in SCID/beige mice, and animals conse- 
quently develop HHM as observed in human patients. 
This new model will permit mechanistic studies on the 
interrelationships between cytokines and PTHrP in the 
pathogenesis of HHM. 



Materials and Methods 

Animals and ATL Cell Inoculation 

Immunodeficient SCID/bg (C.B-17/lcrCrl-scid-bgBR) 
mice (Charles River Laboratories, Inc., Wilmington, MA) 
were maintained under specific pathogen-free conditions 



in the animal facility of the College of Veterinary Medicine 
at The Ohio State University (Columbus, Ohio). Male mice 
(5 weeks-of-age) were used as recipients, anesthetized 
with xylazine-ketamine, and injected intraperitoneal ly with 
4 X 10^ RV-ATL cells suspended in RPMI 1640 medium. 
Controls were inoculated with medium alone. The source 
of the RV-ATL cell line was previously described. 

Histology and Immunohistochemistry 

Animals from the early control group (animals CI to C7) 
and early ATL group (animals LI to L7, L26, and L28) 
were sacrificed at day 20. Animals from late control group 
(animals C8 to C14) and late ATL group (animals L8 to 
L25, L27, L29, L30, and L31) were sacrificed between 
days 29 and 32 after inoculation. A complete necropsy 
was performed on each animal. Heart, lungs, thymus, 
kidneys, liver, stomach, small intestine, colon, mesentery, 
liver, spleen, vertebrae, and pancreas were fixed imme- 
diately after removal from the sacrificed animals in 10% 
neutral-buffered formalin, embedded in paraffin, cut into 
5-/xm-thick sections, and stained with hematoxylin and 
eosin. Immunohistochemistry was performed on paraffin 
sections with the following primary antibodies: polyclonal 
rabbit anti-PTHrP (PTHrP amino acids 34 to 53) (1:100, 
Ab-2, Oncogene Research Products, Cambridge, MA), 
and monoclonal mouse anti-CD45RO (1:100; DAKO, 
Carpinteria, CA). Visualization was achieved using an 
avidin-biotin complex (Pierce, Rockford, IL), color devel- 
opment with diaminobenzidine (Research genetics, 
Huntsville, AL), and hematoxylin counterstain. Negative 
control slides were stained with omission of the primary 
antibody. Normal human skin sections served as positive 
controls. 

Measurement of Plasma Calcium and PTHrP 
Concentrations 

Calcium and PTHrP concentrations were measured in 
early control (C2 to C7) and late control (C8 to CI 4) 
animals, as well as, in lymphoma-bearing animals from 
early ATL (LI , L3 to L5, L7, L26, and L28), and late ATL 
(LI 4, LI 5, LI 7, L20, L21, L23, L25, L27, and L29 to L31) 
groups. Blood was obtained from the femoral artery at 
necropsy. Ionized calcium concentrations were mea- 
sured with a Nova 8 electrolyte/chemistry analyzer (Nova 
Biomedical, Waltham, MA). Total calcium concentrations 
were measured by colorimetric assay (Sigma Chemical 
Co., St. Louis, MO). Plasma PTHrP concentrations were 
determined by a two-site immunoradiometric assay (Dia- 
Sorin, Stillwater, MN) specific for the PTHrP N-terminal 
region (amino acids 1 to 40) and mid-region (amino acids 
57 to 80). 

Bone Histomorptiometry and Mineral 
Densitometry 

Lumbar vertebrae were collected and fixed in 10% neu- 
tral-buffered formalin for 24 hours at 4°C, decalcified in 
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10% ethylenediaminetetraacetic acid (pH 7.4) at 4°C, 
dehydrated in graded series of etiianol for 5 days at 4°C, 
infiltrated in two clianges of glycol metfiacrylate (Poly- 
sciences Inc., Warrington, PA) for 10 days at 4°C, and 
embedded in glycol methacrylate at 4°C. Sections were 
cut at 5 ^m, histochemically stained for tartrate-resistant 
acid phosphatase (Sigma Co.), and counterstained with 
hematoxylin. Histomorphometry of bones was completed 
in mice with lymphoma from early ATL (LI, L3 to L5, L7, 
and L26) and late ATL (L8, L1 1 , L12, L13, L14, L15, L17, 
L19, L20, L23, L27, and L29 to LSI) groups, as well as, 
age-matched control mice (CI to C3, C5, C7, C8, and 
CIO to CI 4) with Bioquant Nova Image Analysis Software 
(R&M Biometrics Inc., Nashville, TN). Measurement of 
osteoclastic bone resorption was completed on trabecu- 
lar bone and osteoclasts were identified as cells lining 
trabecular bone that stained intensely fuchsia for tartrate- 
resistant acid phosphatase. Measurements included total 
bone area, trabecular bone area and perimeter, oste- 
oclast number/mm trabecular bone, and percent oste- 
oclast perimeter. 

Bone mineral density (BMD) was measured in early 
control (CI to C7), late control (C8 to C14), early ATL (LI , 
L3 to L5, and L7), and late ATL (LB to L15, L17, L19 to 
L21, L23, and L25) groups using dual-energy X-ray ab- 
sorptiometry on an Eclipse peripheral Dexa Scanner 
(Norland, Ft. Atkinson, Wl) using research software. To 
measure femoral BMD, the right femur was excised from 
soft tissue and placed on the scanner in lateral position. 
The femur was scanned at 5 mm/s with a resolution of 0.1 
mm X 0.1 mm. Total femoral BMD was determined in a 
window that encompassed the entire femur. Distal me- 
taphyseal BMD was measured in a window that origi- 
nated 0.25-cm proximal from the distal epiphysis and 
extended proximally for 0.25 cm. 



Northern Blot Analysis of PTHrP Expression 

Mesenteric lymphomas were snap-frozen in liquid nitro- 
gen. Total RNA was isolated using TRizol (Life Technol- 
ogies, Inc., Grand Island, NY), Total RNA (40 jxg) was 
separated on a 1.2% agarose-formaldehyde gel, trans- 
ferred to Duralon UV membranes (Stratagene, La Jolla, 
CA), and crosslinked using a UV Stratalinker 1800 (Strat- 
agene). The membranes were hybridized for 3 hours at 
68°C with a 32p-dATP-labeled probe for human PTHrP 
(clone 661).®® The membranes were exposed to Kodak 
X-OMAT AR film (Kodak, Rochester, NY) for 24 hours at 
-80°C for autoradiography. 



HTLV-1 Provirus Copy Number in RV-ATL Cells 

Genomic DNA from cells was obtained using the Qiamp 
Blood Kit (Qiagen, Valencia, CA). Genomic DNA (50 ng) 

was amplified using a Roche Molecular Biochemicals 
Light Cycler in triplicate samples (Roche Molecular Bio- 
chemicals, Indianapolis, IN). Amplification was per- 
formed in the presence of 4 mmol/L of MgClg using 
primer pairs specific for the tax (670/671) and gag 
(SG166/SG296) genes®^ of HTLV-1. Cycling conditions 



were as follows: 2 minutes at 94°C for denaturation, and 
60 cycles of 94°C for 1 second, 55°C for 1 second, and 
72°C for 10 seconds. After the last amplification cycle, a 
melting curve analysis was performed to determine the 
specificity of the PGR reaction. Proviral copy number was 
determined using a standard curve obtained by amplifi- 
cation of a serially diluted plasmid (ACH) representing an 
infectious molecular clone of HTLV-1®^ or StylA28 that 
contains a 588-bp fragment of the gag gene.®® 

Western Blot Analysis of HTLV-1 Gene 
Products 

Approximately 1X10'' RV-ATL cells were collected by 
peritoneal lavage from lymphoma-bearing SCID/bg mice. 
Other HTLV-1 infected and noninfected cells (MT-2, HT1- 
RV, Jurkat, and SLB-1 cell lines) were maintained in 
culture in RPM1 1640 medium supplemented with 10% 
fetal bovine serum. Cells were lysed (0.15 mmol/L NaCI, 
10 mmol/L sodium pyrophosphate. 10 mmol/L ethyl- 
enediaminetetraacetic acid. 10 mmol/L NaF. 0.5% deoxy- 
cholate, 50 mmol/L Tris, pH 8,0, 0,1% sodium dodecyl 
sulfate, 10% glycerol, 1% Nonidet P-40) on ice for 10 
minutes. Cell lysates were centrifuged at 17,000 X g for 
10 minutes at 4°C. Lysate protein concentrations were 
determined using the BioRad (Hercules, CA) microassay. 
Equivalent amounts of protein (40 /xg) were mixed with 
2x sample buffer (0,08 mol/L Tris-HCI. pH 6,8, 2% so- 
dium dodecyl sulfate. 0,1 mol/L dithiothreitol. 10% glyc- 
erol. 0,1% bromophenol blue). The samples were boiled 
for 3 minutes and separated on a 10% sodium dodecyl 
sulfate-polyacrylamide gel. The proteins were transferred 
to a nitrocellulose membrane (BA-79; Schleicher & 
Schull, Keene, NH) for 2 hours at 40 V, The membrane 
was washed three times with TBS-T (9% NaCI, 0,1 mol/L 
Tris base, 0.1% Tween 20, pH 7.2) and blocked in a 5% 
powdered milk/TBS-T solution overnight at 4°C. The 
membrane was washed three times and incubated with 
rabbit polyclonal anti-Tax (1 :500; AIDS Reagent Program, 
Rockville. MD). mouse monoclonal anti-p19 (1:100; Zep- 
toMetrix Corporation. Buffalo. NY), mouse monoclonal 
anti-p24 (1 :100; Genzyme Corporation. Cambridge. MA), 
and mouse monoclonal anti-gp46 (1:500)^^ overnight at 
4°C. The membrane was washed three times with TBS-T. 
and incubated with rabbit horseradish peroxidase-la- 
beled secondary antibody (Amersham Pharmacia, Pisca- 
taway, NJ) for 1 hour. After a final wash with TBS-T, the 
HTLV-1 proteins were detected by enhanced chemilumi- 
nescence detection reagents (Amersham Pharmacia) and 
developed on BioMax MR Film (Kodak, Rochester, NY). 

RT-PCR for HTLV- 1 Tax/Rex RNA 

Total cellular RNA was extracted from 729. HT1-RV. 
SLB-1, MT-2 cells, and from xenografted RV-ATL cells 
using the Tri Reagent (Molecular Research Center Inc.. 
Cincinnati, OH) procedure. All RNA was digested three 
times with RNase-free DNase (Boehringer Mannheim. In- 
dianapolis, IN), precipitated, and quantified by absor- 
bance at 260 and 280 nm. Approximately 600 ng of RNA 
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Table 1. Gross Pathology and Histopathology in SCID/bg Mice Xenografted with Hunian ATL Cells 



Group 



I Splenomegaly enlargement mineralization Mesentery Spleen 



Thymus Lungs Bone 



Early Lmyphoma 7/9 

(day 20) 
Late lymphoma 19/22 

(day 29 to 32) 
Total 26/31 



19/22 
26/31 



17/22 

20/31 



13/22 

13/31 



was amplified by a coupled primer extension-30 cycle 
PGR reaction containing HTLV-1 -specific oligonucleotide 
primer pairs. The coupled primer extension-PCR reaction 
(50 yxl) contained RNA, 0.25 mmol/L deoxynucleoside 
triphosphates, 50 mmol/L KCL, 10 mmol/L Tris (pH 8.0), 
1,5 mmol/L MgCig, 0.01% gelatin, 100 ng 3' (antisense) 
oligonucleotide, 50 ng 5' (sense) oligonucleotide end- 
labeled with T4 DNA kinase to a specific activity of ~2 X 
10^ cpm//Ag, and 2.5 U of Taq DNA polymerase (Pro- 
mega, Madison, Wl) in the presence (-I-) or absence (-) 
of 5 U of murine leukemia virus reverse transcriptase 
(Amersham Pharmacia). The reaction was performed in a 
Perkin Elmer thermal cycle 9600: 65°C for 10 minutes, 
50°C for 8 minutes, and 95°C for 5 minutes followed by 30 
cycles of 95°C for 1 minute, 55°C for 2 minutes, and 72°C 
for 2 minutes, PCR-amplified products were separated on 
a 6% polyacrylamide gel and visualized by autoradiog- 
raphy. The sequence of the HTLV-1 -specific oligonucle- 
otides were; LA79 HTLV-1-5' GTC CAA ACC CTG GGA 
AGT GG 3'; LA78 HTLV-1-5' CCA GTG GAT CCC GTG 
GAG AT 3', The primer pair was designed to amplify 
spliced tax/rex-specific RNA (117 bp), A second primer 
pair (670/671) was used, as previously described^^, to 
amplify a region of the tax/rex gene, but it also detects all 
species (spliced and nonspliced) of viral RNA (159 bp). 

Statistical Analysis 

Numerical data were expressed as means ± SD, Statis- 
tical differences between means for the different groups 
were evaluated with Instat 3,01 (GraphPAD software) 
using one-way analysis of variance, Bonferroni multiple 
comparisons test, and paired f-test with the level of sig- 
nificance at P < 0,05, Correlation coefficients were de- 
termined by linear regression. 



Results 

Xenografted ATL Cells Grow in SCID/bg Mice 

ATL cells inoculated intraperitoneally into 5-week-old 
SCID/bg mice produced diffuse lymphoma in the mes- 
entery of 84% (26 of 31) of the mice between 20 to 32 

days after inoculation (Table 1), At necropsy, mice in the 
early ATL group (day 20) had mild to moderate ascites (3 
to 4 ml) containing a suspension of ATL cells recovered 
by abdominal lavage. Small tumors were present at the 
root of the mesentery in 78% (7 of 9) of the animals 
sacrificed. Eighty-six percent (19 of 22) of the animals 



necropsied between day 28 and day 32 after inoculation 
had severe ascites and larger tumors in the mesentery 
that extended to the pelvic cavity. In addition, 47% of the 
lymphoma-bearing mice (9 of 19) in the late ATL group 
had mild to marked white striations on the right ventricular 
epicardium (mineralization). Mild to marked splenomeg- 
aly was present in 35% (11 of 31) of the mice inoculated 
with ATL cells. The thymus was 5 to 10 times larger than 
controls in 2 of 22 mice in the late ATL group. 



Histopathology 

Microscopic evaluation (Table 1) of mice inoculated with 
ATL cells revealed lymphoma in the mesentery (26 of 31 ), 
thymus (20 of 31), liver (17 of 31), spleen (8 of 31), lungs 
(2 of 31), and bone marrow (5 of 31) in both early and late 
ATL groups. In the mesentery, spleen (Figure 1j), and 
thymus (Figure 11), ATL cells formed large solid sheets or 
nodules replacing most of the normal tissue. In the liver, 
lymphoma was limited to the hilus region of the hepatic 
lobes, and was interpreted to be a direct extension of the 
mesenteric neoplasm. In the lungs, ATL cells formed 
large peribronchial cuffs (Figure 1h), Sixty-eight percent 
of the late ATL mice (13 of 19) had mild to marked 
mineralization in the epicardium of the right ventricle. 



Plasma Concentrations of Calcium and PTHrP 

Lymphoma-bearing mice in the late ATL group had a 
statistically significant (P < 0,001) increase in both ion- 
ized (6,7 ± 1,0 mg/dl) and total (15,8 ± 2,8 mg/dl) 
calcium concentrations compared to control mice (4,9 ± 
0,2 and 8,7 ± 0,4 mg/dl, respectively) (Figure 2), Total 
plasma calcium concentrations were as great as 19,7 
mg/dl in the SCID/bg mice engrafted with RV-ATL cells, A 
slight increase in calcium concentrations was observed 
in early ATL mice (day 20) when compared to age- 
matched control mice, although the difference was not 
statistically significant. Plasma PTHrP concentrations 
(Figure 3) were markedly increased in mice with lym- 
phoma (12 to 140 pmol/L compared to <1,5 pmol/L in 
control mice), A strong positive correlation between 
plasma total calcium and PTHrP concentrations was 
present in SCID/bg mice engrafted with RV-ATL cells 
from both early (r = 0,85, P < 0,001) and late ATL (r = 
0,90, P < 0,001) groups, respectively. 
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Figul 

engrafted wfth RV-ATL cells had significantly (P < 0 
ionized calcium levels than controls (6.7 ±1.0 ven 
calcium levels were also significantly CP < 0.001) higl 
SCID/bg mice (15.8 ± 2.8) in comparison to age-mat 
0.4). Total calcium levels were not statistically different 
(9.4 ± 0.3) and lymphoma (10,5 ± 1,0) mice. Bars in 



PTHrP mRNA and Protein Expression by 
Xenografted RV-ATL Cells 

Northern blot analysis revealed that RV-ATL cells forming 
mesenteric lymphoma in SCID/bg mice expressed PTHrP 
mRNA at very high levels (see Figure 5A), PTHrP mRNA 
expression in RV-ATL cells was greater than MT-2 cells, a 
well-established HTLV-1 -infected cell line, that has been 
reported to secrete PTHrP''" and was greater than SCC 
2/88 cells, a squamous carcinoma cell line, that ex- 
presses PTHrP mRNA,'" No PTHrP mRNA was detect- 
able by Northern blot analysis in normal human periph- 
eral blood lymphocytes, Jurkat cells, and HT1-RV, a cell 
line immortalized in vitro by superinfection of RV-ATL cells 
with HTLV-1. PTHrP protein expression in RV-ATL cells 
xenografted in SCID/bg mice was evaluated by immuno- 
histochemistry. The RV-ATL cells xenografted in the mes- 
entery (Figure 1a), liver, spleen, and thymus of the lym- 
phoma-bearing SCID/bg mice were strongly positive for 
PTHrP protein. PTHrP protein was identified both in the 
cytoplasm and the nucleus of the RV-ATL cells. The 




Figure 3. Plasma PTHrP (1-80) con 
lymphoma mice had markedly inc 
11.9 and 61.3 ± 41.8, respectively) in 
«1.5). Bars indicate means. 



F^re 4. Femoial BIMD (mg/cm^). BMD was significantly (P < 0.001) lower 
in late lymphoma SCID/bg mice (0.048 ± 0.006) in comparison to age- 
matched controls (0.059 ± 0.005). BMD was not statistically different be- 
tween early control (0.049 ± 0.005) and lymphoma (0.051 ± 0.005) mice. 



cytoplasmic:nuclear ratio of PTHrP immunohistochemical 
staining was ~4:1 based on histological examination of 
200 positive RV-ATL cells. Other HTLV-1 cell lines were 
not examined immunohistochemically for PTHrP. 

BMD and Histomorphometry 

Femur BMD was significantly decreased (P < 0,001) in 
the late ATL group when compared with the control mice, 
whereas there was no significant difference observed 
between early ATL and control mice (Figure 4), Also, the 
late control group mice had a significant increase (P < 
0.01) in BMD when compared to early control group 
mice. PTHrP concentrations and BMD were strongly neg- 
atively correlated (r = -0.93, P < 0.005). In addition, 
there was no significant difference (paired f-test, P = 
0.90) in the BMD of the late ATL animals with bone 
marrow infiltration by lymphoma cells (n = 5) when com- 
pared to mice without bone marrow lymphoma (n = 9), 
To examine osteoclastic bone resorption in this model, 
bone histomorphometric analysis was performed (Figure 
6). Total bone volume (trabecular and cortical) was sig- 
nificantly decreased in both early (P < 0.05) and late ATL 
(P < 0.001) mice when compared to age-matched con- 
trols. There was no significant difference in percent tra- 
becular bone volume. In contrast, osteoclastic bone re- 
sorption, percent osteoclast surface on trabeculae and 
number of osteoclasts/mm of trabecular bone, were in- 
creased two to fourfold in both early and late ATL-bearing 
SCID/bg mice in comparison to age-matched controls 
(P< 0.001). 

Immunophenotypic Characterization of RV-ATL 
Cells 

Analysis of cell surface antigens of the xenografted RV- 
ATL cells by flow cytometry revealed that CD4 and CD25 
were expressed in 98 and 91% of the cells, respectively. 
CD3 and CDS antigen expression was absent in 100% of 
the cells. Cell surface antigen expression in RV-ATL cells 
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e m SCID/bg mice engrafted 



7» ttV-ATi. SLa^l HX-itef 



Iviuijhoiua (KV-ATU from five SCID/bg mice (L13 to L25) in the late ATL 
group in comparison to HTl-RV and MT-2 cells. Squamous cell carcinoma 
2/88 line (SCO served as positive control. Jurkat CJrk) and normal human 
peripheral blood lymphocytes served as negative controls. B: Western blot 
for HTLV-1 Tax expression. Tax (40 kd) was not detected in xenografted 
lymphoma (RVATL). In comparison, Tax was highly expressed in other 
HTLV-l-lymphoma cell lines tested (Hutl02, SLB-1, HTl-RV, and MT2), Tax- 
also was detected as a fusion protein with gp46 (66 kd) in Hutl02 and J 
cells, Jurkat cells (Jurk) served as the negative control, C: RT-Pc:i< for I ITLV I 
mRNA expression in RV-ATL cells. Top: HTLV-1 total RNA (159 bp) was not 
detected in RV-ATL cells with 670/671 primers. HTLV-1 total RNA was 
detected in other HTLV-1 cell lines tested (SLB-1, HT-IRV, and lVIT-2). 
Negative control consisted of 729 B cells. Bottom: Doubly-spliced Tax/Rex 
(117 bp) also was not detected in RV-ATL cells with LA78/LA79 primers. 
Tax/Rex was detected in SLB-1, HT-IRV, and lMT-2. Negative control con- 
sisted of 729 B cells. 



was consistent with that observed in human patients with 
ATL, and indicates expansion of CD4^ cells expressing 
high levels of IL-2Ra (CD25), Immunohistochemical phe- 
notyping of xenografted RV-ATL cells demonstrated cell 
surface expression of CD45RO (an antigen expressed in 
most human thymocytes and mature activated T cells) in 
lymphoma of the mesentery (Figure 1e) and the thymus. 
Whereas there was absence of CD45RO expression in 
the spleen and thymus of control SCID/bg mice confirm- 
ing the human origin of the lymphoma (Figure 1f). 

HTLV-1 Provirus Copy Number and Tax 
Expression in Xenografted RV-ATL Cells 

To accurately determine the number of integrated viral 
genomes in the RV-ATL and HT1-RV cell lines we per- 
formed quantitative real-time PGR. The RV-ATL line had 

1.5 copies of provirus. The HT1-RV cell line, which was 
created by superinfection of the RV-ATL line with HTLV-1 , 
had —10 copies per cell. By Western blot analysis, RV- 
ATL cells did not express Tax (Figure 5B) or any struc- 
tural HTLV-1 proteins, p19, p24, or gp46. Furthermore, 
tax/rex doubly spliced or total viral mRNA was not de- 



tected by RT-PCR (Figure 5C). The oligonucleotides 
primers, LA78/LA79 and 670/671, designed to amplify 
doubly spliced tax/rex RNA or all species of viral RNA, 
respectively, did not detect any expression of tax. In 
contrast, as demonstrated by Western blot analysis, HTl- 
RV, MT-2 and SLB-1 cells expressed high levels of Tax, 
p19, p24, and gp46, RT-PCR also demonstrated tax/rex 
mRNA in all three lines with the oligonucleotide primers. 



Discussion 

We report the establishment of a model of human T-cell 
lymphoma and HHM in SCID/bg mice with leukemic cells 
from a patient with HTLV-1 -induced ATL. The primary 
ATL cells xenografted into SCID/bg mice maintained their 
morphological, immunohistochemical, and molecular 
features. In addition, xenografted ATL cells in SCID/bg 
mice induced hypercalcemia by secretion of PTHrP, 
which stimulated osteoclastic bone resorption. 

SCID mice have been used as xenograft recipients for 
a variety of human neoplastic cells including hematolog- 
ical malignancies.^^'"*^""*^ The scid mutation was first de- 
scribed in 1983 in C.B-17 mice,"*^ and is associated with 
a disrupted gene that encodes a DNA-dependent protein 
kinase, identified as Prkdc,'^^ which is involved in immu- 
noglobulin and T-cell receptor gene rearrangement. The 
mutation prevents T- and B-lymphocyte maturation. De- 
spite this defect, engraftment of human hematological 
cells in SCID mice has been reported to be only modestly 
successful. '^^'^^ NK-cell activity has been shown to play a 
key role in the rejection of human lymphoid neoplasms in 
SCID mice.^"''^'' We have previously used different meth- 
ods to improve xenograft efficiency of ATL cells in SCID 
mice including ■y-irradiation and administration of 
a-AGM-i antiserum (anti-NK-cell antibodies).^'' These 
methods were relatively efficient at reducing NK cell ac- 
tivity, but cumbersome to perform. To circumvent these 
difficulties we used SCID/bg mice in this investigation. As 
described, the beige mutation is responsible for a selec- 
tive defect in the NK-cell immune response.^"' When com- 
bined with the scid mutation, the beige mutation creates 
more favorable conditions for engraftment of human lym- 
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phoid neoplasms in mice, consequently allowing the es- 
tablishment of a reliable animal model. 

Most patients with ATL will develop hypercalcemia, 
which represents a life-threatening condition."'^ PTHrP 
has been shown to be a causative factor of hypercalce- 
mia in animals bearing human solid tumors. "'^■^^ In ATL 
patients, PTHrP also has been identified as an important 
mediator of hypercalcemia, but other humoral factors 
such as IL-1j3and TGF-j3 have also been proposed to be 
involved. ^^'^"^ Previous studies examining the regulation 
of PTHrP in ATL cells were conducted in vitro, because of 
the lack of a reproducible animal model of ATL-associ- 
ated HHM. Consequently, little is known about the spe- 
cific mechanisms regulating PTHrP expression in ATL 
cells in vivo, and the interactions between PTHrP and 
other humoral factors in the development of hypercalce- 
mia in humans with ATL. 

A previous investigation^"' by our laboratory reported 
the tumorigenic potential of ATL cells (RV-ATL) and 
HTLV-transformed cell lines (SLB-1 and JLB-II) by com- 
paring the engraftment efficiency in SCID mice. In the 
present study, we examined and confirmed the central 
role played by PTHrP in the induction of hypercalcemia 
and increased osteoclastic resorption leading to bone 
loss in SCID/bg mice xenografted with ATL cells. An 
alternative model of HHM using SCID mice was reported 
by Takaori-Kondo and colleagues.^^ In contrast to our 
study, the authors showed increased levels of C-terminal 
PTHrP, but did not measure circulating levels of N-termi- 
nal PTHrP, the region of PTHrP that contains PTH-like 
activity, and lymphoma-bearing mice did not have in- 
creased osteoclastic bone resorption. Both increased 
circulating N-terminal PTHrP and excessive osteoclastic 
bone resorption are known to be important characteristic 
features of HHM observed in human patients with ATL, 

PTHrP gene expression has been shown to be up- 
regulated by the HTLV-I oncoprotein Tax /n vitro.^"^ Ditt- 
mer and colleagues^'-' have demonstrated that Tax inter- 
acts with the transcription factors Ets1 and Spl to 
transactivate the PTHrP P2 promoter when transfected in 
osteosarcoma OsA-CL cells. Tax can also mediate its 
effects on the PTHrP gene by the cellular transcription 
factors AP-1 and AP-2 as proposed by Prager and col- 
leagues.^"* We were not able to detect Tax and other 
HTLV-1 viral proteins by Western blot analysis or HTLV-1 
tax/rex mRNA by RT-PCR in ATL cells xenografted in 
SCID/bg. These data are consistent with the literature 
regarding the expression of HTLV-1 tax/rex mRNA in ATL 
cells from human patients.^"' In contrast, HTLV-1 Tax 
protein and tax/rex mRNA were easily detectable in 
HT1-RV cells, a cell line produced by superinfection of 
RV-ATL cells with HTLV-1. Interestingly, no PTHrP mRNA 
was detectable by Northern blot analysis in HT1-RV cells. 
We determined the number of HTLV-1 proviral copy by 
quantitative real-time PGR using primers specifically de- 
signed to amplify the tax gene. We established that RV- 
ATL cells had 1.5 copies of provirus, and our results are 
consistent with published data for primary lymphocyte 
cell lines transformed by HTLV-1 .^^ In contrast, the 
HT1-RV cells had 10 copies of HTLV-1 provirus. As we 
have previously reported, RV-ATL cells, as other ATL cell 



lines, carry deletions of the provirus while retaining the 
tax/rex sequence. 

Primary cell lines from human patients with ATL were 
shown to produce a wide variety of cytokines, including 
IL-2, TGF-j3, TNF-j3, and IL-1. IL-2 can up-regulate PTHrP 
gene expression in ATL cells by increasing its mRNA 
stability.^'^ However, others have reported that IL-2 
mRNA was not detectable by RT-PCR in ATL cells xe- 
nografted into SCID mice.^® Our laboratory and others 
have previously demonstrated that TGF-j3 up-regulates 
PTHrP gene expression in multiple normal and neoplastic 
tissues, but there is no report addressing the ef- 
fect of TGF-jS on PTHrP secretion and expression in ATL 
cells. It will be useful to study the effect of TGF-j3 on both 
PTHrP gene transcription and mRNA stability /h vivo using 
the SCID/bg model of human ATL. 

Our laboratory has reported that PTHrP can bind to the 
human MT-2 cells (presumably by interacting with the 
PTH-1 receptor), and PTHrP inhibited cell growth of 
the MT-2 cells.^"' Several reports have demonstrated that 
PTHrP modulates growth in different normal and cancer 
cells.^^"^'' The proliferative versus antiproliferative effects 
of PTHrP are dependent on the cell type. Falzon and Du®'' 
have shown that PTHrP had an antimitogenic effect in the 
human breast cancer cell line, MCF-7, using an auto- 
crine/paracrine pathway mediated through the cell sur- 
face PTH-1 receptor. They also have shown that PTHrP 
exerted a mitogenic effect through the intracrine path- 
way, which correlated with nuclear accumulation of 
PTHrP, The exact mechanism by which nuclear localiza- 
tion of PTHrP stimulates cell growth is unknown, but 
nuclear PTHrP can inhibit apoptosis,''" We examined the 
expression of the human PTH-1 receptor in four human 
ATL cell lines (RV-ATL, SLB-1, MT-2, and HT1-RV) by 
RT-PCR, and our data (not shown) demonstrated that the 
PTH-1 receptor was expressed in MT-2 cells (moderate), 
HT1-RV cells (low), and SLB-1 cells (very low), but was 
not expressed in RV-ATL cells. Interestingly, immunohis- 
tochemistry was strongly positive for PTHrP both in the 
cytoplasm and nucleus of RV-ATL cells xenografted into 
SCID/bg mice. The exact role of nuclear PTHrP on regu- 
lation of proliferation or apoptosis in ATL cells remains to 
be determined both in vitro and in vivo. Our model will 
enable us to examine the effect of PTHrP on ATL cell 
growth in vivo. 

In conclusion, the SCID/bg mouse model of human 
ATL will be useful to study the regulation of PTHrP and the 
interrelationships between PTHrP and cytokines pro- 
duced by ATL cells in the induction of HHM in vivo. The 
model is reproducible and mimics the disease observed 
in human patients with ATL. In addition, the model will be 
useful to develop new therapeutic strategies for the treat- 
ment of hypercalcemia observed in patients with ATL. 
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SUMMARY: Parathyroid hormone related peptide (PTHrP) has been 
implicated in the cause of the hypercalcemia associated with a number of 
malignant tumours. The data presented here suggests that PTHrP (in 
addition to its known role of mediating hypercalcemia) may be involved 
in the autocrine regulation of growth of isome tumours. Polyclonal 
PTHrP antiserum almost totally inhibited the growth of a human renal 
cell carcinoma cell line, known to secrete PTHrP, in vitro and growth 
was significantly inhibited by the competitive PTH antagonist PTH (3- 



The initiation and perpetuation of carcinogenesis is a multifactorial process (1). While 
the ectopic and unregulated secretion of hormones frequently complicate die clinical 
management of a number of malignancies, die role they play in, die autocrine regulation 
of mmour growth is becoming increasingly apparent (2). Throughout the last decade 
diere has been much interest in die syndrome of humoral hypercalcemia of malignancy 
(SHHM). SHHM is associated with some 20% of tumours, most commonly renal cell 
and lung small cell carcinoma, and is characterised by raised scrum levels of caldum, 
increased urinary excretion of cAMP and phosphaturia. Serum levels of bioactive 
paradiyroid homione (PTH) are found to be elevated, yet paradoxically serum levels of 
immunoreactive PTH are found to be normal or even suppressed (3). This suggests the 
presence of a circulating factor widi PTH like bioactivity but which is structurally and 
immunologically distinct from it. 

Recently, a peptide has been isolated from a variety of hypercalcemic tumours, 
which is composed of 141 amino acids, of which 8 out of the first 13 are common to 
PTH. This limited N-terminal amino acid homology widi PTH is sufficient to confer 
upon the peptide PTH like bioactivity and has led to it being termed Parathyroid 
hormone related peptide or PTHrP (4). While PTHrP is now beUeved to be a major 
contiibuting factor to die aetiology of SHHM, die aim of this study was to determine 
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Whether or not the protein plays any part in the autocrine regulation of growth of a 
hypercalcemic renal carcinoma ceU line known to seciBte FTHrP. 

MATERIALS AND METHODS 

. G.V, Seg,. and H. J„epp„=, (Massal„» H^p^.tSK) 

Cell Culture: SKRC-1 cells ( kindly supplied by Dr. N. H. Bander New York 

typsinised and counted using an Elzone particle counter model 280PC 

RESULTS 

The approach used to investigate the hypothesis that PTHrP might function as an 
autocnne growth factor in some tumours was to selectively add or remove the peptide 
from growing cultures of SKRC-1 cells. These are known to secrete PTHrP in vitro 
and produce hypercalcemia when implanted into nude mice in vivo (5). 
Cells were treated for 3 days with FrH(l-34). PTHrP (1-34) or PTHrP (1-141) over a 



-log [Peptide] (M) 

S^n vU^o''* °' PT"--? >»^'OBues on growH, of SKRC-1 

Cells were seeded at a density of 2.5 x iO< cells per well (shown by arrow) After 12 

eSIS"^ '"^ r ^ ^d'^ter™ s werel^S^^sS'aS'^S using an 
Elzone pamcle counter. (Pomts lepnssent the mean +/- S.EM; n=3.) 
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Fig. 2. Effect of the competitive PTH receptor antagonist PTH 
(3-34)NH2 on the growth of SKRC-1 cells in vitro. 
Cells were seeded at a concentration of 2.5 x 10* cells per well (shown by arrow). 
After 12 hours the cells were fed with medium alone (shown by point A) or ccntaining 
PTH (3-34)NH2 at the concentrations indicated. After a finther 24 hours the cells were 
trypsinised and counted using an Elzone particle counter. (Points represent the mean 
+/- S.E.M; n=4.) 

Fig. 3. Effect of PTHrP antiserum on the growth of SKRC-1 cells in 
vifro. 

Cells were seeded at a density of 2.5 x 10* cells per well (shown by anow). After 12 
hours cells were fed with medium alone (shown by point A) or. containing polyclonal 
PTHrP antiserum diluted as indicated. Cells were fed after 24 hours. After a fiirther 
24 hours cells were trypsinised and counted using an Elzone particle counter. (Points 
represent the mean +/- S.E.M; n=4). 



Table 1. Effect of PTHrP antiserum on ROS 17/2.8 cells, bovine 
adrenal chromaffin cells and SKRC-1 cells 





TREATMENT 




NONE PTHrP ANTISERUM 


Po 


ROS 17/2.8 


46,238 (2468) 44.850 (2235) 


N.S. 


B.A.C. 


616.818 (50,640) 677,454 (59,349) 


N.S. 


SKRC-1 


90.460(6027) 35,875(1276) 


<0.01 



ROS 17/2.8 ceUs were seeded at a density of 2.5 x 10* cells per weU. After 12 hours 
the cells were fed with medium containing PTHrP antiserum diluted 1:100. The cells 
were fed again after 24 hours and after a fiuther 24 hours cells were trypsinised and 
counted. A similar protocol was enqjloyed for the bovine adrenal chromaffin cells 
(BAG) and SKRC-1 cells, except that these were seeded at a density of 6 x 10* and 
2.5 X 10* cells per well, respectively. In the case of the bovine adrenal chromaffin 
cells, they were left for 4 days before being treated with medium containing PTHrP 
antiserum. (Data represents the mean (S.E.M;) n=4. N.S. represents no significant 
difference between groups). 
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concentration range of 0.125 - 12.5nM (Fig. 1). The effect of cxogenously added 
peptide was found to be mild, with 12.5nM PTHrP (1-141) appearing to inhibit 
growth by about 15%. This lack of effect could result from the cells secreting 
sufficient PTHrP to mask the mitogenic effect of added peptide. 
To investigate whether secreted PTHrP exerted any effect on growth through a PTH 
type receptor cells were treated with the competitive PTH receptor antagonist, PTH (3- 
34)NH2- After 24 hours this PTH analogue, at a concentration of 1.25nM, was found 
to significantly inhibit cell growth (Hg. 2). 

Addition of polyclonal PTHrP antiserum kt a dilution of 1:100 almost totally inhibited 
the growth of SKRC-1 cells (Fig. 3). This effect was specific for these ceUs since it 
had no effect on the growth of ROS 17/2.8 ceUs (which possess PTH receptors) nor 
was it cytotoxic when tested on quiescent cultures of bovine adrenal medullary cells 
(Table 1). 



DISCUSSION 

The regulation of normal cellular growth and proliferation is complex and far fix)m 
understood. Normal cells on their way to becoming cancer cells pass through several 
stages during which they loose their requirement for certain growth factors and instead 
pass uncontrollably through die cell cycle (6). 

The hypercalcemic factor PTHrP, has been isolated froin a number of human and 
animal tumours (7) and also from the culture medium of human keratinocytes (8). On 
addition of PTHrP to human keratinocytes, these cells undergo terminal differentiation 
and cease proliferation (9). furthermore, the peptide has been reported to play a role in 
the differentiation of F9 tetratocarcinoma derived stem cells (10). It would appear, 
therefore, that PTHrP does have the ability to modulate cellular development. The 
data we present here would suggest that PTHrP is involved in the regulation of growth 
of the renal cell careinoma cell line SKRC-1 . While PTHrP is not expressed by normal 
adult kidney, it is present in the developing tubules of human fetal kidney (1 1). Its re- 
expression in the transformed phenotype of the adult is similar to the appearance of 
alpha feto-protein in primary hepatocellular carcinoma which is only present in the fetal 
liver. The data presented here would further support the hypothesis that PTHrP could 
be a fetal growth factor: 

It is possible that the ability of PTHrP (1-141) to inhibit the growth of SKRC-1 cells 
results from the full lengUi amino acid sequence undergoing proteolytic clevage to 
yield fragments witii direct inhibitory activity or. which have receptor antagonistic 
activity. Certainly different portions of mitogens are known to exert different 
biological effects (12). Alternatively it is possible that the full length peptide ( or a 
cleaved fragment ) may act synergisrically with other mitogens, such as TGF-beta, 
present at high concentration in the medium containing 10% serum, to induce its 
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antagonist PTH(3-34)NH2 required to inhibit growth over 24 hours, can be explained 
in terms of the ratio of antagonist to agonist required for it to produce its effect. PTH 
(3-34)NH2 must be present at between a 100 and a 1000 fold molar excess in order 
to have antagonistic activity (5). 



The PTHrP antiserum used in this study is specific for PTUrP and was not found to be 
cytotoxic to other cell lines. Antiserum had no effect on ROS 17/2.8 cells which do not 

synthesize or secrete PTHrP but do possess PTH receptors. Inhibition of growth of 
SKRC-1 cells by "immuno-neutralising" endogenously secreted PTHrP might suggest 
the use of antiserum directed against PTHrP in the therapy of SHHM, reducing both 
hypercalcemia and tumour growth. 

These data support the hypothesis that PTHrP contributes to die autocrine growth of a 
hypcrcalcemic renal cell carcinoma. This appears to be mediated via a PTH receptor 
and growtii can be inhibited by the use of a polyclonal PTHrP antiserum, or a PTH 
receptor antagonist The role PTHrP plays in the growdi of other "hypercalcemic" 
tumours ( especially those that do not possess PTH receptors ) is yet to be investigated. 
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(54) REMEDIES FOR DISEASES CAUSED BY PTH OR PTHrP 



(57) The present invention is directed to providing a 
therapeutic agent for diseases caused by PTH or 
PTHrP. The present invention provides a therapeutic 
agent for diseases caused by PTH or PHTrP, which 
comprises, as an active ingredient, an agonist or antag- 



onist binding to a PTH receptor or PTHrP receptor, or a 
substance which binds to a ligand of such a receptor to 
thereby promote or inhibit binding of the ligand to the 
receptor 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a therapeutic agent for diseases caused by parathyroid hormone (PTH) or 
parathyroid hormone-related protein (PTHrP). 

BACKGROUND ART 

10 [0002] A parathyroid hormone-related protein (PTHrP) is a protein, which was identified in 1987 by investigation of 
humoral factors causing humoral hypercalcemia of malignancy. It is known that the N-tennlnus of the protein expresses 
functions thereof by binding to a receptor (PTH/PTHrP receptor) which is common to parathyroid hormone (PTH). 
[0003] It has been reported that PTHrP is generated from various tumor tissues, but it is also generated from a wide 
range of normal tissues such as si<in, mammary gland, uterus, placenta, bone, smooth muscle, heart, iung, kidney, 

'5 liver and brain, and exhibits various functions iocally via autocrine/paracrine secretory mechanism. 

[0004] A PTH/PTHrP receptor strongly expresses in kidney and bone, a target organ of PTH and PTHrP. However, 
it has been clarified that, apart from these organs, this receptor expresses also In aorta, adrenal, brain, mammary 
gland, heart, digestive tract, liver, lung, skeletal muscle, ovary, placenta, skin, stomach and uterus etc., and that the 
receptor shows an extremely similar distribution to PTHrP. 

20 [0005] As functions of PTHrP, there are known not only a bone resorption promoting function by activation of oste- 
oclasts in bone and a calcium reabsorption promoting function by acting to distal convoluted tubules of nephros, but 
also the following (1)to (3): 

(1) Involvement in calcium transportation system (e.g. mammary gland epithelium, placenta etc) in epidelial cells, 
25 (2) A strong smooth muscle relaxing activity (e.g. uterus, urinary tract, blood vessel and digestive tract etc.), and 

(3) Involvement in growth, differentiation and development, 

but the physiological role of PTHrP in many tissues other than those stated above is still unknown. 
[0006] For example, PTHrP and a PTH/PTHrP receptor express in the central nervous system (CNS), but there has 
30 been hardly any clarification of the functions thereof. When localization of PTHrP mRNA in rat brain was analyzed by 
in situ hybridization, it was found that the mRNA existed in the hippocampus, the granular cell layer of cerebellum, 
cerebral cortex and hypothalamus (Weaver et al., IVIol Brain Res 28:296-301 , 1995; Weir et al., Proc Natl Acad Sci 
USA 87:108-112, 1990). 

[0007] Moreover, the distribution of PTH/PTHrP receptor in rat brain matches with the distribution of PTHrP, and so 
35 it Is assumed that PTHrP acts as a local autocrine/paracrine factor in central nervous system (CNS), An experiment 
regarding binding of PTH to a cell membrane fraction prepared from each site of rat brain teaches that the order of 
binding strength is as hypothalamus, cerebellum and cerebral cortex (Han^ey et al.. Peptides 14:1187-1191, 1993), 
Furthermore, it has been reported that arginine vasopressin (AVP) is released by PTHrP (1-34) stimulation of rat su- 
praoptic nucleus (SON) slices, and that there is a possibility that PTHrP involves in homeostasis of water or electrolyte 
40 in an organism (Yamamoto et al.. Endocrinology 139:383-388, 1998, Yamamoto et al., Endocrinology 138:2066-2072, 
1 997). Thus, although it is clear that PTHrP and a PTH/PTHrP receptor are widely distributed over the brain, physio- 
logical role thereof in central nervous system is still unknown. 

[0008] Recently induction of various types of cytokines by PTHrP or induction of PTHrP by cytokine has been re- 
ported, and a new possibility of involvement of PTHrP in various types of diseases caused by cytokine, as well as Its 
45 own activity, has been clarified. The following reports which suggest the possibility of crosstalk between PTH or PTHrP 
and cytokine are known: 

1) The values of IL-6 and TNF-a are high in a patient of primary hyperparathyroidism caused by high value of PTH 
(Grey A. et al., J Clin Endocrinol Metab 81 :3450-5, 1996) 
50 2) When osteoblasts are stimulated by PTH or PTHrP in an in vitro system, expression of IL-6 and LIF is promoted 

(Pollock JH. et al,, J Bone Miner Res 11 :754-9, 1996) 

3) A series of experiments with synovial cells showed that production of IL-6 is accentuated by stimulation with 
PTHrP, and that TNF-a and IL-1p promote expression of PTHrP, and that therefore PTHrP is a member of pro- 
inflammatory cytokine cascade (Funk JL. et al.. Endocrinology 138:2665-73, 1997; Funk JL. et al., J Clin Invest 

55 101:1362-71,1998) 

4) In cultured human vascular endothelial cells also, TNF-a and IL-1p promote expression of PTHrP (Biochem 
Biophys ResCommun 249:339-343, 1998) 
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[0009] Thus, there has been reported induction of cytokine by PTiHrP or induction of PTHrP by cytokine etc., and a 
possibility of involvement of PTHrP in various types of diseases caused by cytol<ines, especially those such as IL-1 P, 
IL-6 and TNF- a, as well as its own activity, has been clarified. 

[0010] Humoral hypercalcemia of malignancy and cachexia caused by PTHrP and cachexy bring about clinical prop- 
5 erties such as body weight loss, weight loss of fat and muscular tissues, anorexia and anemia, and serious damage 
is given to quality of life (QOL) of a patient. To improve QOL of a cancer patient, application of treatment methods for 
improving significantly reduced QOL can be considered in addition to normal treatments for the patient with anticancer 
agents, but at present, there is no treatment method for improving QOL of a patient at a sufficient level. At the moment, 
treatment methods having recognized QOL Improving effect Include forced nutrition and pharmacotherapy. With regard 
10 to forced nutrition, since the effect Is not long-lasting although body weight Is maintained, negative opinions have begun 
to be voiced in the field of palliative care (Tatsuji Kataoka, Blood/Tumor (Ketsueki/Syuyo-ka), 36, 500-506, 1 998). With 
regard to pharmacotherapy, mainly medroxyprogesterone acetate (MPA) is used, but originally MPA is used to treat 
emmeniopathy and breast cancer. MPA shows effects such as stimulation of appetite and fat accumulation, but this is 
an application of the side effects in treatment of the diseases for which MPA was originally adapted for the purpose of 
15 Improving QOL. Nevertheless, MPA is not a sufficient therapeutic agent In that this compound Is a progestational 
(gestagenic) fonnulation, and so It shows original hormone actions, and effects thereof are insufficient. 

DISCLOSURE OF THE INVENTION 

20 [001 1 ] The object of the present invention is to provide a therapeutic agent for diseases caused by PTH or PTHrP 
[0012] The present Inventors have perfomned various studies regarding possibility of alleviating symptoms of dis- 
eases (treatment for central nervous system diseases, and treatment for diseases caused by PTHrP-cytokine cascade) 
caused by PTH or PTHrP other than humoral hypercalcemia of malignancy caused by excessive production of PTHrR 
As a result, the inventors have found that an anti-PTHrP antibody is effective in alleviating and treating the above 

25 symptoms, thereby completing the present Invention 

[0013] As shown In Examples described later, it was confirmed that an anti-PTHrP antibody has a high improving 
effect against symptoms on which no or low improving effects were confirmed using the existing therapeutic agents 
for hypercalcemia. At the same time, it was also found that the above improvement and treatment effects are not only 
caused by effects brought by decrease of blood calcium level 

30 [0014] That Is to say, the present invention provides a therapeutic agent for a disease caused by PTH or PTHrP, 
which comprises, as an active ingredient, an agonist or antagonist binding to a PTH receptor or PTHrP receptor, or a 
substance binding to a llgand of the receptor to promote or inhibit binding between the ligand and the receptor. Mainly, 
the disease may be one caused by PTH or PTHrP other than hypercalcemia. 

[0015] Moreover, the present invention provides a QOL improving agent alleviating symptom of a disease caused 
35 by PTH or PTHrP, which comprises, as an active ingredient, an agonist or antagonist binding to a PTH receptor or 
PTHrP receptor, or a substance binding to a ligand of the receptor to promote or inhibit binding between the ligand 

and the receptor. 

[001 6] Examples of diseases to which the above therapeutic agent and QOL improving agent are applied may include 
a syndromes associated with malignancy caused by PTHrP (e.g. digestive system disorders such as diarrhea, voml- 

40 turltlon and nausea), proteometabolism abnormality (e.g. hypoalbuminemia), saccharometabolism abnormality (e.g. 
reduction of glucose tolerance and reduction of insulin secretion), lipid metabolism abnormality (e.g. hyperlipidemla 
and reduction of serum lipoprotein lipase activity), anorexia, hematological abnormality (e.g. anemia, thrombosis and 
DIG syndrome), electrolyte abnormality (e.g. hyponatremia, hypokalemia and hypercalcemia), immunodeficiency (e, 
g. infection disease), pain, secondary hyperparathyroidism and primary hyperparathyroidism which are caused by 

45 PTH, etc. 

[001 7] Furthermore, the present invention provides an improving agent for a central nervous system disease caused 

by PTH or PTHrP, which comprises, as an active ingredient, an agonist or antagonist binding to a PTH receptor or 
PTHrP receptor, or a substance binding to a ligand of the receptor to promote or Inhibit binding between the ligand 
and the receptor. Examples of central nervous system diseases may include dyssomnia, neuropathy (e.g. schlzophre- 

50 nia, manic-depressive psychosis, neurosis and psychophysiologic disorder), nervous symptom (e.g. vomltatlon, nau- 
sea, mouth dryness, anorexia and vertigo), brain metabolism abnormality, cerebral circulation abnormality, autonomic 
imbalance, and endocrine system abnormality with which central nervous system Is associated, etc. 
[001 8] Still further, the present invention provides an improving agent for a disease caused by PTH or PTHrP-cytoklne 
cascade, which comprises, as an active ingredient, an agonist or antagonist binding to a PTH receptor or PTHrP 

55 receptor, or a substance binding to a ligand of the receptor to promote or inhibit binding between the ligand and the 
receptor. Examples of cytokines may include IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-1 2, IL-1 3, 
IL-15, G-GSF, GM-CSF, M-CSF, EPO, LIF, TPO, EGF, TGF- a, TGF- p, PGR IGR HGF, VEGF, NGF, activin, inhibin, a 
BMP family, TNF and IFN, etc. Examples of diseases caused by PTH or PTHrP-cytoklne cascade may include septi- 
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cemia, cachexia, inflammation, hemopathy such as hematopoietic system abnormality and leukemia, calcium metab- 
olism abnormality, and autoimmune disease such as rheumatism. 

[0019] The present invention further provides a central nervous system regulator, which comprises, as an active 
ingredient, an agonist or antagonist binding to a PTH receptor or PTHrP receptor, or a substance binding to a ligand 

5 of the receptor to promote or inhibit binding between the ligand and the receptor. 

[0020] Moreover, the present invention provides a cytokine network regulator, which comprises, as an active ingre- 
dient, an agonist or antagonist binding to a PTH receptor or PTHrP receptor, or a substance binding to a ligand of the 
receptor to promote or inhibit binding between the ligand and the receptor 
[0021 ] The PTH receptor or PTHrP receptor may be a PTH/PTHrP type I receptor 

10 [0022] The substance binding to a ligand of PTH receptor or PTHrP receptor to inhibit binding between the ligand 
and the receptor may be seiected from the group consisting of an anti-PTHrP antibody and an anti-PTH antibody, and 
among them, an anti-PTHrP antibody especially a humanized anti-PTHrP antibody is effective. 
[0023] The present invention is a therapeutic agent, which comprises, as an active ingredient, an agonist or antag- 
onist binding to a PTH receptor or PTHrP receptor, or a substance binding to a ligand of the receptor to promote or 

15 inhibit binding between the ligand and the receptor. 

[0024] In the present specification, the term "a PTH receptor or PTHrP receptor" is used to mean a receptor binding 
to PTH or PTHrP, and examples include a PTH/PTHrP type I receptor (described in Japanese Patent Appiication 
Laying-Open (kohyo) No. 6-506598). 

[0025] Examples of "an agonist binding to a PTH receptor or PTHrP receptor" include PTH (1 -34), PTH (3-34), PTHrP 
20 (1 -34), PTHrP (3-34) and an amide form thereof. 

[0026] The term "an antagonist binding to a PTH receptor or PTHrP receptor" is used to mean a substance which 
inhibits binding of PTHrP to a PTH receptor or PTHrP receptor by binding to the PTH receptor or PTHrP receptor (e, 
g. an antagonist against the PTH receptor or PTHrP receptor (which is also referred to as a PTH or PTHrP antagonist), 
and specific exampies include a PTH or PTHrP peptide comprising a substitution or deietion of at least one amino acid, 

25 and a partial sequence of a PTH or PTHrP peptide, etc.) Examples of a PTH or PTHrP antagonist include a polypeptide 
and a iow molecule, and specificaily exampies of substances antagonistically binding to the receptors against PTH or 
PTHrP inciude PTH (7-34), PTH (8-34), PTH (9-34), PTH (10-34), PTHrP (7-34), PTHrP (8-34), PTHrP (9-34), PTHrP 
(10-34), mutants thereof (e.g. [Nle8, 18. D-Trp12, Tyr34] bovine PTH (7-34) NH2, [Nle8, 18, Tyr34] bovine PTH- (7-34)- 
amide), and an amide form thereof, etc. Examples of substances antagonistically binding to a PTHrP receptor against 

30 PTHrP include poiypeptides having a PTHrP antagonist activity described in Japanese Patent Application Laying-Open 
(kokai) No. 7-165790, Japanese Patent Application Laying-Open (kohyo) No. 5-509098, and Peptides (The United 
States) 1 995, 1 6 (6) 1 031 -1 037, Biochemistry (The United States) Apr. 28, 1 992, 31 (1 6) 4026-4033. Moreover, among 
the above-stated polypeptides, polypeptides which comprise a deletion, substitution, addition or insertion of at least 
one amino acid and have an equivalent amount of PTH or PTHrP antagonist activity, are also included in the PTH or 

35 PTHrP antagonist of the present invention. However, examples are not limited thereto. 

[0027] The term "a ligand" is used to mean a substance binding to an enzyme or receptor 
[0028] The term "a substance binding to a ligand of a PTH receptor or PTHrP receptorto inhibit binding between the 
ligand and the receptor" is used to mean a substance (e.g. an anti-PTH antibody, an anti-PTHrP antibody, etc) which 
inhibits binding of a ligand (e.g. PTH, PTHrP etc.) to a PTH receptor or PTHrP receptor by binding to the iigand of the 

40 PTH receptor or PTHrP receptor Examples of an anti-PTH antibody include an antibody recognizing PTH (1-34) etc, 
Examples of an anti-PTHrP antibody include antibodies such as a humanized antibody, a human antibody 
(W096/33735) and a chimeric antibody (Japanese Patent Application Laying-Open (kokai) 4-228089), and an antibody 
(a #23-57-137-1 antibody) produced by hybridoma #23-57-137-1, etc. Note that the antibody may be a polycional 
antibody, but a monoclonal antibody Is preferable. 

45 [0029] The term "QOL" is an abbreviation for "quality of life" and stands forthe quality of life. Cancer patients undergo 
loss of body weight, anorexia, anemia and pain etc. and so their parameters of QOL are significantly damaged. 
[0030] The term "central nervous system" is used to mean a nervous system consisting of brain and spinai cord. 
[0031] The term "PTH or PTH rP-cytokine cascade" is described as foiiows. First, the term "cytokine cascade" stands 
for a part of cytokine network and means that information of a first cytokine is read by messengers of a second cytokine 

50 and a third cytokine. Then, "PTH or PTHrP-cytokine cascade" is used to mean that PTH or PTHrP is included among 
cytokine members. 

[0032] The term "cytokine network" is used to mean antigen-nonspecific network control performed by means of 
factors (cytokines) produced from immunocompetent cells etc. 

[0033] The term "a humanized antibody" is used to mean an antibody comprising frameworks derived from a human 
55 antibody and complementarity determining regions (CDRs) derived from an antibody other than human (e.g. a mouse 
antibody). 

[0034] The present specification includes part or all of the contents disclosed in the specification and/or drawings of 
Japanese Patent Application No. 11-189793, which is a priority document of the present application. 
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[0035] As an example of the use of "a substance binding to a ligand of a PTH receptor or PTHrP receptor to inhibit 
binding between the ligand and the receptor", an anti-PTHrP antibody is described below. 

1 . Anti-PTHrP antibody 

5 

[0036] The anti-PTHrP antibody used in the present invention may be any one, regardless of its source, type (mon- 
oclonal or polyclonal) and configuration, as long as it can exhibit a desired phamnacological effect. 
[0037] The anti-PTHrP antibody used In the present Invention can be produced by any known mettiod as a polyclonal 
or monoclonal antibody. Preferably, the anti-PTHrP antibody is a monoclonal antibody derived from a mammal. The 
10 mammal-derived monoclonal antibody Includes those produced from a hybrldoma and those produced by a genetic 
engineering technique from a host transformed with a recombinant expression vector carrying a gene for the antibody 
The antibody can bind to PTHrP to prevent binding of the PTHrP to a PTH/PTHrP receptor, thus blocl<ing the signal 
transduction of the PTHrP and consequently inhibiting the biological activity of the PTHrP. 

[0038] A specific example of such antibody is #23-57-1 37-1 antibody which can be produced with a hybrldoma clone 
'5 #23-57-137-1. The hybridoma done #23-57-137-1 has been designated as "mouse-mouse hybrldoma #23-57-1 37-1" 
and deposited under the terms of the Budapest Treaty on August 1 5, 1 996 at the National Institute of Bioscience and 
Human-technology, Agency of Industrial Science and Technology, Japan (1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki, 
Japan) under the accession No. PERM BP-5631. 

20 2. Antibody-producing hybridoma 

[0039] Amonocionai antibody-producing hybridomacan be produced as follows. That is, PTHrP is used as an antigen 
for immunization in accordance with a conventional immunization method. The resulting immunocytes are fused to 
known parent cells by a conventional celi fusion method, and monoclonal antibody-producing cells are screened from 

25 the fused cells by a conventional screening method. 

[0040] First, a human PTHrP which is used as an sensitizing antigen for producing the antibody, is prepared by 
expressing the PTHrP gene/amino acid sequence disclosed in Suva, L. J. et ai., Science (1 987) 237, 893. A nucleotide 
sequence encoding the PTHrP Is Inserted into a known expression vector, and a suitable host cell Is transformed with 
the expression vector. The PTHrP protein is then isolated and purified from the transformed host cell or from a culture 

so supernatant of the transformed host cell by any known method. 

[0041] Then, the purified PTHrP protein is used as a sensitizing antigen. Alternatively, a 34-amino acid peptide of 
the N-terminal region of the PTHrP may be chemically synthesized as the sensitizing antigen. 
[0042] The mammal to be immunized with the sensitizing antigen is not particularly limited. However, the mammal 
is preferably selected taking into consideration of compatibility with the patent cell used for ceil fusion. Generally, a 

35 rodent (e,g., mouse, rat, hamster), rabbit or monkey may be used. 

[0043] The immunization of the mammal with the sensitizing antigen can be performed in accordance with any known 
method, for example, by injecting the sensitizing antigen to a mammal intraperitoneally or subcutaneously More spe- 
cifically, the sensitizing antigen is properly diluted with or suspended to phosphate-buffered saline (PBS) or physiolog- 
ical saline, the resulting dilution or suspension is then mixed with an appropriate amount of a conventional adjuvant 

40 (e.g., Freund's complete adjuvant) to give an emulsion. The emulsion is injected to a mammal several times at intervals 
of 4 to 21 days. For the immunization, the sensitizing antigen may be attached to a suitable carrier 
[0044] After the immunization, the serum antibody level is checked. When the serum antibody level is confirmed to 
reach a desired level, immunocytes are isolated from the mammal and then subjected to cell fusion. A preferable 
Immunocyte Is a spleen cell. 

45 [0045] The parent cell used forthe cell fusion (I.e. , the counterpart of the cell fusion with the Immunocyte) is a myeloma 
cell derived from a mammal. The myeloma cell Is of any known cell line, and, for example, P3 (P3x63Ag8.653) (J. 

Immnol, (1979) 123, 1548-1550), P3x63Ag8U.1 (Current Topics in Microbiology and Immunology (1978)81, 1-7), NS- 
1 (Kohler, G, and Milstein, C. Eur. J. Immunol. (1976) 6, 511-519), MPC-11 (Margulies, D. H. et al., Cell (1976) 8, 
405-415), SP2/0 (Shulman, M. et al.. Nature (1 978) 276, 269-270), FO (de St, Groth, S. F et al., J. Immunol. Methods 
50 (1980) 35, 1-21), SI 94 (Trowbridge, I, S., J. Exp. Med, (1978) 148, 313-323) or R210 (Galfre, G, et al.. Nature (1979) 
277, 131-133). 

[0046] Cell fusion of the immunocyte to the myeloma cell is basically performed in accordance with any known meth- 
od, such as the method of Milstein et al. (Kohler, G, and Milstein, C, Methods Enzymol. (1981) 73, 3-46). 
[0047] More specifically, the cell fusion is performed, for example, in a conventional nutrient culture medium in the 
55 presence of a cell fusion promoter. The cell fusion promoter may be polyethylene glycol (PEG) or a Sendai virus 
(hemagglutinating virus of Japan; HVJ). If desired, forthe purpose of improving the fusion efficiency, an additive such 
as dimethyl sulfoxide may be incorporated. 

[0048] The ratio between the immunocytes and the myeloma cells forthe cell fusion may be any one. For example, 
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the immunocytes are used in the amount 1-10 times larger than the myeloma cells. The culture medium used for the 
cell fusion is, for example, RPM1 1 640 medium or MEM medium suitable for the growth of the above-mentioned mye- 
loma cell lines, or other medium conventionally used for the culture of such cell lines. If desired, a serum supplement, 
such as feral calf serum (FCS), may be added to the culture medium. 

5 [0049] The cell fusion Is performed by fully mixing given amounts of the immunocytes and the myeloma cells in the 
culture medium, adding a PEG solution (e.g., mean molecular weight: about 1000-6000) (which has been previously 
warmed to about 37° C) to the mixture usually to a concentration of 30-60% (w/v), and then mixing the resulting solution , 
thereby producing the desired fusion cells (I.e., hybrldomas). Subsequently, an appropriate culture medium is added 
to the culture solution successively, and centrlfuged to remove the supernatant. This procedure Is repeated several 

10 times to remove the cell fusion promoter or the lll<e that are undesirable for the growth of the hybrldomas, from the 
culture medium. 

[0050] The thus obtained hybrldomas can be selected by culturing in a conventional selective medium, such as 
hypoxanthine-amlnopterin-thymidine (HAT) medium. Tine culturing of the inybridomas In HAT medium is performed for 
the time of period enough to cause the deatli of the ceils other than the desired hybridomas (i.e., cells that fail to fuse), 
'5 usually for several days to several weeks. Subsequently, conventional limiting dilution method is perfonned for screen- 
ing and mono-cloning of the hybridomas that are secreting the desired antibody 

[0051 ] As a method other than preparing the hybridomas by immunizing a non-human mammal with the antigen as 
described above, a human lymphocyte may be sensitized with PTHrP In vitro, and then subjected the sensitized lym- 
phocyte to cell fusion to a human-derived myeloma cell capable of infinite growth, thereby producing a human antibody 

20 having a binding activity against the PTHrP (Japanese Patent Publication No. 1 -59878). Alternatively, a human antibody 
against PTHrP may be prepared by injecting PTHrP as an antigen to a transgenic animal that has the entire repertories 
of human antibody genes to produce an anti-PTHrP antibody-producing cell, and then Immortalizing the cells, thus 
producing the human antibody from the immortalized cell (International Patent Publication Nos. WO 94/25585, WO 
93/12227, WO 92/03918 and WO 94/02602). 

25 [0052] The monoclonal antibody-producing hybridoma prepared as above can be subcultured In a conventional cul- 
ture medium and stored under liquid nitrogen for a long time of period. 

[0053] For the production of a monoclonal antibody from the hybridoma, a method may be employed that Involves 
culturing the hybridoma in accordance with a conventional technique and collecting the monoclonal antibody from the 
culture supernatant, or that involves injecting the hybridoma to a mammal compatible with the hybridoma to grow the 
so hybridoma in the mammal and collecting the hybridoma from the ascites of the mammal. The former method Is suitable 
for producing the antibody In high purity, while the latter method is suitable for producing the antibody In a large amount. 

3. Recombinant antibody 

35 [0054] in the present invention, a recombinant-type monoclonal antibody may be used, which can be produced by 
cloning an antibody gene from the hybridoma, integrating the antibody gene into a suitable vector introducing the 
vector into a host, and then producing the antibody from the host according to a conventional genetic recombination 
technique (see, for example, Vandamme, A. M, et al., Eur J, Biochem. (1990) 192, 767-775, 1990) 
[0055] Specifically mRNA encoding variable (V) region of an anti-PTHrP antibody is isolated from the anti-PTHrP 

40 antibody-producing hybridoma. The isolation of the mRNA is performed by preparing a total RNA by any known method, 
such as guanidium ultracentrlfugation method (Chirgwin, J. M. et al.. Biochemistry (1979) 18, 5294-5299) and AGPG 
method (Chomczynski, P et al.. Anal. Biochem. (1 987) 1 62, 156-159), and then producing the desired mRNA from the 
total RNA using mRNA Purification Kit (Pharmacia) or the like. Alternatively, the mRNA may also be prepared directly 
using QuIckPrep mRNA Purification Kit (Pharmacia). 

45 [0056] Next, cDNA for the antibody V-reglon Is synthesized from the mRNA with a reverse transcriptase. The syn- 
thesis of the cDNA is perfonned using AMV Reverse Transcriptase First-strand cDNA Synthesis Kit (Selkagaku Cor- 
poration) or the like. The cDNA may also be synthesized and amplified by 5'-RACE method (Frohman, M.A. et ai., 
Proc. Natl. Acad. Sci. USA (1 988) 85, 8998-9002; Belyavsky A. et al., Nucleic Acids Res. (1 989) 1 7, 291 9-2932) using 
5'-Ampli FINDER RAGE Kit (GLONETEGH) in combination with PGR method, or the like. 

50 [0057] A DNA fragment of interest is isolated and purified from the resulting PGR product and then ligated to a vector 
DNA to obtain a recombinant vector. The recombinant vector is introduced into a host such as E. coll, and a colony 
containing a desired recombinant vector is selected. The nucleotide sequence of the DNA of interest In the recombinant 
vector is confirmed by for example, dideoxynucleotide chain termination method. 

[0058] Once DNA encoding the anti-PTHrP antibody V-region is obtained, the DNA is integrated into an expression 
55 vector containing a DNA encoding a desired antibody constant (C) region. 

[0059] For the production of the anti-PTHrP antibody used in the present invention, the antibody gene is integrated 
into an expression vector so that the antibody gene can be expressed under the control of expression control regions 
(e.g., enhancer, promoter). A host cell is transformed with the expression vector to express the antibody 
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[0060] I n the expression of the antibody gene, a DNA encoding heavy (H) chain and a DNA encoding light (L) chain 
of the antibody may be integrated into separate expression vectors, and then a host cell is co-transfomned with the 
resulting recombinant expression vectors. Alternatively, both the DNA encoding H-chain and the DNA encoding L- 
chain of the antibody may be integrated together into a single expression vector, and then a host cell may be transformed 

5 with the resulting recombinant expression vector (WO 94/11 523). 

[0061] Forthe production ofthe recombinant antibody, besides the above-mentioned host cells, a transgenic animal 
may also be used as a host. For example, the antibody gene is inserted into a predetemnined site of a gene encoding 
a protein inherently produced in the milk of an animal (e.g., goat p -casein) to obtain a fusion gene. A DNA fragment 
containing the antibody gene-introduced fusion gene is injected into an embryo of a goat, and the embryo is then 

10 introduced into a female goat. The female goat having the embryo therein bears a transgenic goat. The antibody of 
interest is secreted in the milk from the transgenic goat or a progeny thereof. For the purpose of increasing the amount 
of the antibody-containing milk from the transgenic goat, an appropriate honnone may be administered to the transgenic 
goat (Ebert, K.IVI. et al., Bio/Technology (1994) 12, 699-702). 

'5 4. Modified antibody 

[0062] I n the present invention, for the purpose of reducing the heterogenisity against a human body or the like, an 
artificially modified recombinant antibody may be used, such as a chimeric antibody and a humanized antibody. These 
modified antibodies can be prepared by the following known methods. 
20 [0063] A chimeric antibody usable in the present invention can be prepared by ligating the DNA encoding the antibody 
V-region prepared as set forth above to a DNA encoding a human antibody C-region, integrating the ligation product 
into an expression vector, and introducing the resulting recombinant expression vector into a host to produce the 
chimeric antibody 

[0064] A humanized antibody is also referred to as a "reshaped human antibody", in which the complementarity 
25 determining regions (CDRs) of an antibody of a non-human mammal (e.g., a mouse) are grafted to those of a human 
antibody. The general genetic recombination procedures for producing such humanized antibody are also known (EP 

125023; WO 96/02576). 

[0065] Specifically, a DNA sequence in which mouse antibody CDRs are ligated through framework regions (FRs) 
of a human antibody is amplified by PGR method using several oligonucleotides as primers which have been designed 
30 to have regions overlapping to the terminal regions of the CDRs and the FRs. The resulting DNA is ligated to a DNA 
encoding a human antibody C-region, and the ligation product is integrated into an expression vector. The resulting 
recombinant expression vector is introduced into a host, thereby producing the humanized antibody (EP 239044, WO 
96/02576). 

[0066] The FRs ofthe human antibody ligated through the CDRs are selected so that the CDRs can forni a suitable 
35 antigen binding site. If necessary, an amino acid(s) in the FRs of the antibody V-region may be replaced so that the 
CDRs of the reshaped human antibody can form a suitable antigen binding site (Sato, K. et al.. Cancer Res. (1993) 

53, 851-856). 

[0067] The C-region of the chimeric or humanized antibody may be any human antibody C-region, such as C y 1 , C 
y2, G y3 or Gy4 forthe H-chain, and CKorCXforthe L-chain. The human antibody C-region maybe modified for 

40 the purpose of improving the stable production of the antibody. 

[006B] The chimeric antibody is composed of V-regions derived from a non-human mammalian antibody and C- 
regions derived from a human antibody. The humanized antibody is composed of CDRs derived from a non-human 
mammalian antibody and FRs and C-regions derived from a human antibody. The humanized antibody is useful as an 
active ingredient for the agent of the present Invention, because the antigenicity of the antibody against a human body 

45 Is reduced. 

[0069] A specific example of the humanized antibody usable in the present Invention is humanized #23-57-137-1 

antibody; in which the GDRs are derived from mouse-derived #23-57-137-1 antibody; the L-chain is composed of the 
GDRs ligated through three FRs (FR1 , FR2 and FRS) derived from human antibody HSU 03868 (GEN-BANK. Deftos, 
M. et al., Scand. J. Immunol., 39, 95-103, 1994) and a FR (FR4) derived from human antibody S25755 (NBRF-PDB); 
50 and the H-chain is composed of the GDRs ligated through FRs derived from human antibody S31679 (NBRF-PDB, 
Guisinier, A. M. et al., Eur. J. Immunol, 23, 110-118, 1993) in which a part of the amino acid residues in the FRs is 
replaced so that the reshaped humanized antibody can exhibit an antigen-binding activity. 

[0070] The E. coil strains containing plasmids having DNA encoding the H-chain and the L-chain of the humanized 
#23-57-137-1 antibody are designated as Escherichia coll JM109 (hMBC1HcDNA/pUC19) (for H-chain) and Es- 
55 cherichia coli JM109 (hMBCILq >./pUG19) (for L-chain), respectively. These strains were deposited under the terms 
of the Budapest Treaty on August 15, 1996 at the National Institute of Bioscience and Human-technology, Agency of 
Industrial Science and Technology, Japan (1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki, Japan), under the accession 
No. FERM BP-5629for Escherichia coli JM109 (hMBC1HcDNA/pUC19), and under the accession No. FERIVI BP-5630 
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for Escherichia coll JiVI109 (hMBCILq A/pUC19). 

5. Antibody variants 

5 [0071 ] The antibody used in the present invention may be a fragment thereof or a modified form of the fragment, as 
long as it binds to PTHrP to inhibit the activity thereof. For example, the fragment of the antibody includes Fab, F(ab')2, 
Fv, or a single chain Fv (scFv) composed of a H-chain Fv fragment anda L-chain Fv fragment linked together through 
a suitabie lini<er. Specificaiiy, such antibody fragments can be produced by cleaving the antibody with an enzyme (e, 
g., papain, pepsin) into antibody fragments, or by constructing a gene encoding the antibody fragment and inserting 

10 the gene into an expression vector and introducing the resulting recombinant expression vector into a suitabie host 
ceii, thereby expressing the antibody fragment (see, for example, Co, M. S., et al., J. immunoi. (1994), 152,2968-2976; 
Better, M. & Honwitz, A. H., Methods in Enzymoiogy (1989), 178, 476-496, Academic Press, inc.; Piuecl<thun, A. & 
Sl<erra, A., Methods in Enzymoiogy (1989) 178, 476-496, Academic Press, inc.; Lamoyi, E., Methods in Enzymoiogy 
(1 989) 121, 652-663; Rousseaux, J. et al.. Methods in Enzymoiogy (1 989) 1 21 , 563-669; and Bird, R. E. et al., TIBTECH 

15 (1991)9,132-137). 

[0072] A scFv can be produced by linl<ing the H-chain V-region to the L-chain V-region through a iinl<er, preferably 
a peptide linker (Huston, J. S. et al., Proc. Natl. Acad. Sci. USA (1988) 85, 5879-5883). The H-chain V-region and the 
L-chain V-reglon In the scFv may be derived from any one of the antibodies described herein. The peptide linker which 
binds the V-reglons may be any single chain peptide, for example, of 12-19 amino acid residues. 

20 [0073] The DNA encoding the scFv can be prepared by first amplifying a DNA encoding the H-chain V-reglon and a 
DNA encoding the L-chain V-region of the antibody separately using a DNA fragment encoding the entire region or a 
part of the H-chain that includes the V-region and a DNA fragment encoding the entire region or a part of the L-chaIn 
that includes the V-region as templates and primer pairs that define the terminal ends of the DNA fragments; and then 
amplifying a DNA encoding the peptide linker using a DNA fragment encoding the peptide linker as a template and a 

25 primer pair that define the terminal ends of the DNA fragment so that each terminal end of the peptide linker is ligated 
to the H-chain V-region and the L-chain V-region, respectively. 

[0074] Once the DNA encoding the scFv is prepared, an expression vector carrying the DNA and a host transformed 
with the expression vector can be prepared by conventional methods. The scFv can be produced from the transformed 
host by a conventional method, 
30 [0075] The fragments of the antibody may be produced by preparing genes for the fragments and expressing the 
genes in suitable hosts as described above. The antibody fragments Is also encompassed In the "antibody" of the 
present Invention. 

[0076] As a modified fornn of the above-mentioned antibodies, for example, antl-PTHrP antibody conjugated to any 
molecule (e.g., polyethylene glycol) may also be used. Such modified antibodies are also encompassed In the "anti- 
35 body" of the present invention. The modified antibodies can be prepared by chemical modifications of the antibodies. 
The chemical modification techniques suitable for this purpose have already been established In the art. 

6. Expression and production of recombinant antibody or modified antibody 

40 [0077] The antibody gene constructed as described above can be produced and expressed by known methods. For 
the expression in a mammalian cell, a conventional useful promoter, the antibody gene to be expressed and a poly(A) 
signal (located downstream to the 3' end of the antibody gene) are operably linked. For example, as the useful promoter/ 
enhancer system, a human cytomegalovirus immediate early promoter/enhancer system may be used. 
[0078] Other promoter/enhancer systems usable In the expression of the antibody used in the present Invention 

45 Include those derived from viruses (e.g., retrovirus, polyoma virus, adenovirus and simian virus 40 (SV40)) and those 
derived from mammalian cells (e.g., human elongation factor 1 a (HEFIa). 

[0079] When SV40 promoter/enhancer system is used, the gene expression may be performed readily by the method 
of Mulligan et al. (Nature (1979) 277, 108). When HEF1 a promoter/enhancer system is used, the gene expression 
may be perfomied readily by the method of Mizushima et al. (Nucleic Acids Res, (1 990) 1 8, 5322). 

50 [0080] For the expression in E. coil, a conventional useful promoter, a signal sequence for secreting the antibody of 
interest and the antibody gene may be operably linked. As such a promoter, lacZ promoter or araB promoter may be 
used. When lacZ promoter is used, the gene expression maybe performed by the method of Ward etal. (Nature (1098) 
341, 544-546; FASBE J. (1992) 6, 2422-2427), When araB promoter is used, the gene expression may be performed 
by the method of Better et al. (Better et al.. Science (1988) 240, 1041 -1043), 

55 [0081 ] Regarding the signal sequence for secretion of the antibody when the antibody of interest is intended to be 
secreted In a periplasmic space of the E. coil, pelB signal sequence (Lei, S. P. et al., J. Bacteriol, (1987) 169, 4379) 
may be used. The antibody secreted into the periplasmic space is isolated and then refolded so that the antibody takes 
an appropriate configuration for use. 



8 



APPEAL BRIEF Serial No. 10/520,085 



Evidence Appendix (i) - Page 9 of 92 



EP1 197 225 A1 

[0082] Regarding the replication origin, those derived from viruses (e.g., SV40, polyoma virus, adenovirus, bovine 
papilloma virus (BPV)) or the lll<e may be used. In order to increase the gene copy number in the host cell system, the 
expression vector may further contain a selective marker gene, such as an aminoglycoside phosphotranferase (APH) 
gene, a thymidine kinase (TK) gene, an E. coll xanthine-guanine phosphoribosyltransferase (Ecogpt) gene and a di- 

5 hydrofolate reductase (dhfr) gene. 

[0083] For the production of the antibody used in the present Invention, any expression system such as eukaryotic 
and prokaryotic cell systems may be used. The eukaryotic cell Includes established cell lines of animals (e.g., mammals, 
insects, molds and fungi, yeast). The prokaryotic cell Includes bacterial cells such as E. coli cells. It is preferable that 
the antibody used in the present Invention be expressed In a mammalian cell, such as a CHO, COS, myeloma, BHK, 

10 Vero or HeLa cell. 

[0084] Next, the transfonned host cell is cultured in vitro or in vivo to produce the antibody of interest. The culturing 
of the host cell may be performed by any known method. The culture medium usable herein may be DM EM, MEM, 
RPM1 1640 or IMDM medium. The culture medium may contain a serum supplement, such as fetal calf serum (PCS). 

'5 7. Isolation and purification of antibody 

[0085] The antibody expressed and produced as described above may be isolated from the cells or the host animal 
body and purified to uniformity. The Isolation and purification of the antibody used in the present invention may be 
performed on an affinity column. Examples of a protein A column include Hyper D, POROS and Sepharose P.P. (Phar- 
20 macia). The method is not particularly limited and other methods conventionally used forthe isolation and purification 
of an antibody may also be employed. For example, various chromatographs using columns other than the above- 
mentioned affinity column, filtration, ultrafiltration, salting out and dialysis may be used singly or in combination to 
isolate and purify the antibody of Interest (Antibodies A Laboratory Manual. Ed. Harlow, David Lane, Cold Spring Harbor 
Laboratory, 1988). 

25 

8. Detennlnatlon of the activities of the antibody 

[0086] The determination of the antigen-binding activity (Antibodies A Laboratory Manual, Ed. Harlow, David Lane, 
Cold Spring Harbor Laboratory, 1988) or the inhibitory activity against a ligand receptor (Harada, A. elal., International 

30 Immunology (1 993) 5, 681 -690) of the antibody used in the present invention may be performed by any known methods. 
[0087] The method forthe determination of the antigen-binding activity of the antl-PTHrP antibody used In the present 
invention may be ELISA (enzyme-linked Immunosorbent assay), EIA (enzyme immunoassay), RIA (radioimmu- 
noassay) or a fluorescent antibody. For example, when enzyme immunoassay is employed, a sample solution con- 
taining the anti-PTHrP antibody (e.g., a culture supernatant of anti-PTHrP antibody-producing cells, or the anti-PTHrP 

35 antibody in a purified form) is added to a plate on which PTHrP (1-34) is previously coated, A secondary antibody 
labeled with an enzyme (e.g., alkaline phosphatase) is further added to the plate. The plate is incubated and washed, 
A substrate forthe enzyme (e.g. , p-nltrophenylphosphoric acid) is added to the plate, and the absorbance of the solution 
in the plate is measured to evaluate the antigen-binding activity of the antibody 

[0088] To confirm the activity of the antibody used in the present invention, a neutralizing activity of the antibody (e. 
40 g., anti-PTHrP antibody) may be determined. 

9. Routes for administration and pharmaceutical preparations 

[0089] The agent of the present invention can be used as a therapeutic agent for diseases caused by PTH or PTHrP; 
45 a QOL Improving agent alleviating symptoms of diseases caused by PTH or PTHrP; an Improving agent for central 
nervous system diseases caused by PTH or PTHrP; an Improving agent for diseases caused by PTH or PTHrP-cytokine 

cascade; a central nervous system regulator; and a cytokine network regulator etc. The agent of the present invention 
can be administered for any one or a plurality of the above uses. 

[0090] An agent containing the anti-PTHrP antibody of the present invention as an active ingredient may be admin- 
50 istered orally or parenterally, but preferably parenterally Specifically the agent may be administered to a body as a 
whole or regionally, taking any dosage form, such as a transpulmonary agent (e.g., an agent administered with the 
help of a device such as a nebulizer), a nasogastric agent, atransdermicagent (e.g., ointment, cream) and an injection, 
Examples of an Injection Include an intravenous injection such as a drip, an intramuscular injection, an intraperitoneal 
injection and a subcutaneous injection. The route of administration may be properly selected depending on the age of 
55 a patient and the conditions of diseases. An effective single dose may be selected within the range from 0.001 to 1 ,000 
mg per kg of body weight. Alternatively the dose to a patient may be selected within the range from 0.01 to 100,000 
mg/body, preferably 0.1 to 10,000 mg/body, more preferably 0.5 to 1 ,000 mg/body, and further more preferably 1 to 
1 0Omg/body. However, the dose of the agent comprising the anti-PTHrP antibody of the present Invention Is not par- 
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ticularly limited to these ranges. 

[0091 ] Tine agent may be administered to a patient at any stage, including before or afterthe development of disease 

or symptoms, or may also be administered at a stage when body weight reduction is predicted in a patient. 

[0092] The agent comprising the anti-PTHrP antibody as an active ingredient of the present invention may be for- 

5 mulated by any conventional method (Remington's Pharmaceutical Science, latest edition, Mark Publishing Company, 
Easton, USA). The preparation may further comprise pharmaceutically acceptable carriers and additives. 
[0093] Examples of such carriers and additives include water, pharmaceutically acceptable organic solvents, colla- 
gen, polyvinyl alcohol, polyvinyl pyrrolidone, cartjoxyvinyl polymer, sodium carboxymethyl cellulose, poly(sodium acr- 
ylate), sodium arginate, water soluble dextran, sodium carboxymethyl starch, pectin, methyl cellulose, ethyl cellulose, 

10 xanthane gum, gum arable, casein, agar, polyethylene glycol, diglycerin, glycerin, propylene glycol, vaseline, paraffin, 
stearyl alcohol, stearic acid, human serum albumin (HSA), mannitol, sorbitol, lactose, and surfactants acceptable as 
pharmaceutical additives. 

[0094] In the practical use, the additive is properly selected from the above members either singly or in combination 
depending on (without limitation) the dosage form of the agent of the present invention employed. For example, for 
'5 use as an injectable form, the anti-PTHrP antibody of the purified form is dissolved in a solvent (e.g., physiological 
saline, a buffer, a grape sugar solution) and then an adsorption-preventing agent (e.g.,Tween BO.Tween 20, a gelatin, 
human serum albumin) Is added thereto. The therapeutic agent of the present invention may also be in a re-constitutable 
freeze-dried fonn, which is dissolved before use. For the formulation of the freeze-dried dosage form, an exciplent 
such as a sugar alcohol (e.g., mannitol, grape sugar) or a sugar may be Incorporated. 

20 

BRIEF DESCRIPTION OF DRAWINGS 
[0095] 

25 Fig. 1 is a figure showing effect of a humanized anti-PTHrP antibody on blood vasopressin level in high PTHrP- 

related hypercalcemia model rats. 

Fig. 2 Is a figure showing effect of a humanized antl-PTHrP antibody on urine volume In high PTHrP-related hy- 
percalcemia model rats. 

30 

Fig. 3 Is a figure showing life-prolonging effect of a humanized antl-PTHrP antibody In septicemia model rats. 

Fig, 4 is a figure showing the results of pharmacological study of a humanized anti-PTHrP antibody and alendronate 
in high PTHrP-related hypercalcemia model rats. 

35 

Fig, 5 is a figure shewing effect of a humanized anti-PTHrP antibody on amount of autonomic movement in high 
PTHrP-related hypercalcemia model rats. 

BEST MODE FOR CARRYING OUT THE INVENTION 

40 

[0096] The present invention is further described in the following examples. However, the examples are provided for 
illustrative purposes only, and are not intended to limit the scope of the invention. 

[EXAMPLE 1] 

45 

Low vasopressin level Improving effect by antl-PTHrP antibody 

[0097] A living organism has control mechanisms for maintaining various electrolytes in body fluid at their optimum 
levels in order to control its body water content. Vasopressin (alias: antidiuretic hormone (ADH), one kind of posterior 
50 pituitary hormones) is known as a hormone controlling metabolism of electrolyte and water. Further, various types of 
diseases caused by disorder of this hormone are also known. Examples of such diseases include posterior pituitary 
gland hypergasia (diabetes insipidus) and vasopressin secretion abnormality etc. 

[0098] Among these symptoms, polydipsia, polyuria and mouth dryness etc. are particularly characteristic clinical 
symptoms. PTHrP is known as a causal substance for humoral hypercalcemia of malignancy (HHM). The onset mech- 
55 anism of HHM, which is caused by PTHrP produced by malignancy relates to promotion of bone resorption and pro- 
motion of calcium resorption in the kidneys. It is known that, once hypercalcemia develops, polyuria caused by vaso- 
pressin adiaphoria or dehydration relative to anorexia, vomitation and nausea caused by the disease itself occurs, and 
thereby hypercalcemia being more promoted. 
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(1) Purpose: 

[0099] Using a human high PTHrP-related hypercalcemia model animal, human tumor inoculated nude rat model, 
the effect of a humanized antl-PTHrP monoclonal antibody on blood vasopressin level and urine volume In the model 
5 animal was examined. 

(2) Methods: 

[0100] As a model animal, a nude rat Implanted with human large cell lung carcinoma LC-6 [purchased from the 

10 Central Institute for Experimental Animals] was used. It Is known that a nude rat implanted with human large cell lung 
carcinoma LC-6 shows Increased blood calcium level along with production of PTHrP as tumor volume increases, and 
develops loss of body weight and so on. The blood vasopressin level in this human high PTHrP-reiated hypercalcemia 
model animal was measured, and the value was compared with that of a normal rat. Further, the effect of a humanized 
antl-PTHrP monoclonal antibody on blood vasopressin level was analyzed. Furthermore, urine volume was measured 

'5 and the effect of a humanized anti-PTHrP monoclonal antibody on urine volume was also analyzed. 

[0101] Preparation and grouping of human high PTHrP-related hypercalcemia model animals were carried out as 
foiiows. Using a BALB/c-nu/nu nude mouse (CLEA Japan, Inc.), in vivo transplanted human large cell lung carcinoma 
LC-6 was removed from the nude mouse, and then finely cut into 3-mm cubic blocks. The resulting tumor blocks were 
subcutaneously implanted into each of the rats at the lateral region at a ratio of one piece per mouse. As rats, 5-weeks- 

20 old male F344/N Jcl-rnu nude rats (CLEA Japan, Inc.) were purchased and acclimatized for 1 week. The resulting 
6-weeks-old rats were Implanted with the tumor blocks, and about a month and a half after the implantation, the rats 
with increased blood calcium levels and reduced body weights were used as human high PTHrP-reiated hypercalcemia 
model animals for evaluation of drug efficacy. Using blood calcium level and body weight as indicators, the rats were 
divided Into groups so that blood calcium levels and body weights of the rats in the Individual groups were averaged. 

25 [0102] in experiments regarding vasopressin level measurement, 3mg/kg humanized antl-PTHrP monoclonal anti- 
body were administered to human high PTHrP-reiated hypercalcemia model animals prepared and divided Into groups 
by the above method via caudal vein once a week, that is, on the day 0, 7, 14, 21, 28 and 35. Alendronate was 
administered to the model animals via caudal vein twice a week, that Is, on the day 0, 3, 7, 1 0, 1 4, 1 7, 21 , 24, 28, 31 , 
35 and 38 at a dose level of 2.5 mg/kg. As a control, phosphate buffered saline (PBS) was administered to each of 

30 another group of the model animals via caudal vein on the day 0, 7, 14, 21 , 28 and 35. Where an Implanted tumor 
block was clearly declduated during the experiment period. It was eliminated from counting of results. 
[0103] For the measurement of blood vasopressin level, blood plasma was collected from descending aorta and 
separated with EDTA. Since data of individuals whose Implanted tumor was clearly declduated when the blood was 
collected was eliminated from counting, the number of each group at the time of blood collection was: 12 rats in a 

35 humanized antl-PTHrP monoclonal antibody administration group, 3 rats In an alendronate administration group, 8 rats 
In phosphate buffered saline (PBS) administration group and 5 rats in a normal rat group. The measurement was 
carried out by RiA method using blood plasma. 

[0104] in experiments regarding urine volume measurement, 3mg/kg humanized antl-PTHrP monoclonal antibody 
or Smg/kg alendronate were administered to human high PTHrP-related hypercalcemia model animals prepared and 
40 divided into groups by the above method via caudal vein. As a control, phosphate buffered saline (PBS) was admin- 
istered to the model animals via caudal vein. On the morning of the day 13 to the morning of the day 14 after admin- 
istration, urine was collected over 24 hours, and then weight and specific gravity were measured to calculate urine 
volume. 

45 (3) Results: 

[0105] it was found that blood vasopressin level was reduced In human high PTHrP-related hypercalcemia model 
animals. A humanized monoclonal antibody improved the reduced blood vasopressin level In human high PTHrP- 
related hypercalcemia model animals (Figure 1). Furthemiore, it was also found that the humanized monoclonal anti- 
50 body has an effect of improving the state of polyuria in human high PTHrP-related hypercalcemia model animals (Figure 
2). From these results, itturnedoutthat a humanized anti-PTHrP monoclonal antibody effects recovery from dehydra- 
tion by means of nomnalization of blood vasopressin level. 

[EXAMPLE 2] Life-prolonging effect of antl-PTHrP antibody in septicemia model animals Possibility of humanized 
55 anti-PTHrP monoclonal antibody as therapeutic agent for septicemia (a therapeutic agent for septicemia) 

[0106] Septicemia (sepsis) Is state wherein microorganisms such as bacteria and fungus, and metabolites thereof 
continuously spread from an in vivo infectious focus via the circulating blood. Clinical symptoms of this disease are 
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fever ague, shaking chill, tachycardia and consciousness disorder etc., and after the progression of the disease, it 
results in septic shock and combines with disorders of various organs such as circulatory failure, disseminated intra- 
vascular coagulation syndrome (DIG), adult respiratory distress syndrome (ARDS) and multiple organ failure (MOF) 
etc., and this disease still shows a high mortality rate. 

5 [0107] Triggered by endotoxin derived from bacteria, these various clinical symptoms are developed by progression 
of a series of reactions, what is known as septicemia cascade. It is known that, above all, the fatty portion of endotoxin 
constituting cell wall of Gram-negative bacteria (LPS: lipopolysaccharide) has a strong physiological action. In recent 
years, septicemia has been clarified at the cytokine level, and it has been found that, in septic shock caused by LPS, 
cytokines such as IL-1 , IL-6, IL-8 and IFN y Increase in serum. 

10 [0108] Moreover, Funketal. has reported that, when a large amount of LPS is administered to a mouse, a parathyroid 
hormone-related peptide (PTHrP) is produced and induced, while various types of cytokines are produced and induced. 
Still more, it has been reported that life-prolonging effect can be obtained when a goat anti-PTHrP antibody and a 
rabbit anti-PTHrP antibody are administered to this model (Mol Med 2, 204 1 996) 

[0109] Establishing life-prolonging effect as an indicator, a retest was performed to examine whether the same effect 
'5 can be obtained by a humanized anti-PTHrP monoclonal antibody, and the adaptability of the humanized anti-PTHrP 
monoclonal antibody as a therapeutic agent for septicemia. 

Effect of humanized anti-PTHrP monoclonal antibody against septicemia model animals 
20 (1) Purpose: 

[0110] Effect of a humanized anti-PTHrP monoclonal antibody on model animals with septicemia induced by LPS 
was analyzed to expand adaptability of this antibody. 

25 (2) Methods: 

[0111] According to the method of Funk et al., this experiment was carried out. 

1. As model animals, 6-week-old normal JchlCR mice (CLEA Japan, Inc.) which were acclimatized for 1 week 
30 were used , and septicemia-developed mice were prepared by administration of LPS. Each of 700, 800 and 900 

Hg/mouse LPS (E. coli 055 : B5 (Difco)) was intraperitoneally administered to mice (n=3), and conditions until death 
were observed over time. 800 jxg/mouse LPS was selected as a dose with which 80% or more mice die over 48 
hours. 

35 2, Evaluation of drug efficacy of a humanized anti-PTHrP monoclonal antibody (an antibody comprising, as an L- 

chain, version q described later) was performed by the following method. Concurrently with (concurrent adminis- 
tration group : n=12) or at 1 hour after (prior administration group : n=13) the administration of 1 ,000jj,g/mouse 
humanized anti-PTHrP monoclonal antibody to mice via caudal vein, 800 ng/mouse LPS was intraperitoneally 
administered thereto (n=13). The succeeding conditions to death were observed with time (0 to 72 hours), and 

40 life-prolonging effect in a humanized anti-PTHrP monoclonal antibody was analyzed by making a comparison 

between a group to which the antibody was administered and a control group. 

(3) Results: 

45 [0112] A large number of mice died at 36 hours after administration of LPS in all groups. Survival rate after 48 hours 
was 15.4% in a control group, 33.3% in a concurrent administration group and 30.8% in a prior administration group, 

then after 72 hours, 7.7% in a control group, 25.0% in a concurrent administration group and 30.8% in a prior admin- 
istration group. This result shows that the concurrent or prior administration of a humanized anti-PTHrP monoclonal 
antibody brought about a life-prolonging effect in LPS-induced septicemia model animals (Figure 3). Accordingly, it 
50 was suggested that a humanized anti-PTHrP monoclonal antibody is useful as a therapeutic agent for septicemia. 

[EXAMPLE 3] 

QOL improving effect of anti-PTHrP antibody in human high PTHrP-related hypercalcemia model animals 

55 

[01 13] The present inventors had already found that a humanized anti-PTHrP antibody shows not only reduction of 
blood calcium level but also significant rebound of body weight, increase of amount of autonomic movement and in- 
crease of food consumption in human high PTHrP-related hypercalcemia model animals (Japanese Patent Application 



12 



APPEAL BRIEF Serial No. 10/520,085 



Evidence Appendix (i) - Page 13 of 92 



EP1 197 225 A1 

Laying-Open (kokai) No. 11-92500). There remains some doubt whether the improving effect of QOL parameters such 
as body weight, amount of autonomic movement and food consumption is provided by improving or corrected to a 
normal value, blood calcium level, or whether it depends on factors other than stated above. Thus, the present inventors 
have analyzed the relation between reduction of blood calcium level and increase of body weight, amount of autonomic 

5 movement, and food and water consumption. As a brief explanation of the experiment, high PTHrP-related hypercal- 
cemia model animals were prepared by subcutaneously implanting a PTHrP-producing tumor, human large cell lung 
carcinoma LC-6, to rats. After that, 3mg/kg humanized anti-PTHrP monoclonal antibody were intravenously adminis- 
tered to the thus prepared model animals. As a control group, 5mg/kg alendronate (a bisphosphonate fonnulation) 
were intravenously administered (a single administration). Then, blood ionized calcium (iCa) level, body weight, food 

10 and water consumption of the animals were measured. From results of parameters obtained from this experiment, an 
accumulated value (an area calculated from a graph, setting the stalling point of agent administration starting point as 
0 level). Regarding body weight, however the value was directly used. The graph was prepared, setting the accumu- 
lated value of blood calcium level reduction at a hori/ontal axis and the accumulated value of various parameters at 
a vertical axis. 5mg/kg alendronate were administered as a control agent. The results are shown below. It was found 

'5 that, in all of the parameters in comparison with reduction of blood calcium level, the gradient of a line obtained regarding 
a humanized anti-PTHrP antibody differs from that obtained regarding alendronate (Figure 4A, B, C and D). Especially 
regarding amount of autonomic movement (Figure 4B) and water consumption (Figure 4D), the sign (positive and 
negative) of the line was reversed. This result suggests that. In respect of reduction of blood calcium level, a humanized 
antl-PTHrP antibody provides a much higher QOL Improving effect than alendronate (a bisphosphonate formulation). 

20 Accordingly, It was suggested that PTHrP Is not only a causal substance of humoral hypercalcemia of malignancy, but 
also a cause of malignancy-associated syndrome by means of a mechanism other than calcium. 
[0114] Moreover, It became clear that an anti-PHTrP antibody has a significantly higher QOL Improving effect than 
the existing therapeutic agents for hypercalcemia. 

25 [EXAIVIPLE 4] 

(1) Purpose: 

[0115] The effect of a humanized anti-PTHrP monoclonal antibody on autonomic movement of high PTHrP-related 
30 hypercalcemia model animals was examined. 

(2) Methods: 

[0116] High PTHrP-related hypercalcemia model animals were prepared by subcutaneously Implanting a PTHrP- 
35 producing tumor, human large cell lung carcinoma LC-6, to nude rats. After that, PBS (control) orSmg/kg humanized 
anti-PTHrP monoclonal antibody were Intravenously administered to the thus prepared model animals (a single ad- 
ministration). Amount of autonomic movement of rats was measured by placing each rat in an individual cage and 
using an amount of autonomic movement counting device, ANIMEX, counting the frequency. A count was performed 
on the day 1 , 3 and 5 after administration for PBS-administered individuals, and on the day 0 (a pre-administration 
40 value), 2, 4 and 6 days for antibody-administered individuals. The count period was for 12 hours, from 7:00PM to 7; 
00AM the following morning. 

(3) Results: 

45 [0117] Results were obtained by counting every hour. It Is known that autonomic movement patterns of a nomial rat 
has a periodic rhythm. It was found that periodicity of autonomic movement can be observed, but the pattern Is irregular 
in the present high PTHrP-related hypercalcemia models (from results of PBS-admlnlstered Individuals). In contrast, 
in antibody-administered Individuals, it was found that periodic pattern of the autonomic movement becomes notable 
in conjunction with Increase of the autonomic movement (Figure 5). 

50 

(4) Consideration: 

[0118] Autonomic movement, in particular, periodicity of the movement etc. is controlled by motor nerve etc. in the 
central nerve system. In high PTHrP-related hypercalcemia models subjected to the present experiment, not only 
55 reduction of amount of movement but also disorder of the periodicity was observed, and effect of high PTHrP-related 
hypercalcemia on the central nerve system was assumed. From the result that the periodicity of autonomic movement 
became notable as a result of administration of a humanized monoclonal antibody, it was found that this antibody has 
an effect of Improving the effect of high PTHrP-related hypercalcemia on central nerve system. 
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[CONSIDERATION] 

1 . Syndromes associated with malignancy 

5 [0119] Examples of syndromes associated with malignancy include digestive system disorders (e.g. diarrhea, vom- 
iturition and nausea), proteometabolism abnonnality (e.g. hypoalbuminemla), saccharometabolism abnormality (e.g. 
reduction of glucose tolerance and reduction of insulin secretion), lipid metabolism abnormality (e.g. hyperlipidemla 
and reduction of serum lipoprotein lipase ability), anorexia, hematological abnonnality (e.g. anemia, thrombosis and 
Die syndrome), electrolyte abnormality (e.g. hyponatremia, hypokalemia and hypercalcemia), immunodeficiency (e. 

10 g. Infection disease), pain. The mechanism of onset of these syndromes associated with malignancy has not been 
clarified, but many of the symptoms of humoral hypercalcemia of malignancy overlap. As shown In the above Examples, 
when neutralizing antibody of PTHrP, a causal substance of hypercalcemia, Is administered to model animals devel- 
oping humoral hypercalcemia of malignancy, there can be observed improvements of symptoms such as not only 
normalization of blood calcium level but also increase In amount of movement, increase of food and water consumption, 

'5 improvement of polyuria and nonnalization of vasopressin. As shown In Figure4, it can hardly be explained thatthese 
improving effects are oniy the secondary effects by reduction (normalization) of blood calcium level, but it can be said 
that these effects are characteristic and specific functions attributable to PTHrP antagonists such as an anti-PTHrP 
antibody, irrespective of the effect of nonnaiization of biood caicium ievei. From the above results, PTHrP is considered 
to be a causal substance of syndromes associated with malignancy, and various symptoms of the syndromes are 

20 considered to be provol<ed by means of a PTH/PTHrP receptor expressing In various organs. Therefore, It is considered 
that an active substance blocking a signal to a PTH/PTHrP receptor Improves symptoms of syndromes associated 
with malignancy. 

2. QOL improving agent 

25 

[0120] Various symptoms observed in syndromes associated with malignancy, humoral hypercalcemia of malignan- 
cy primary hyperparathyroidism and secondary hyperparathyroidism, that Is, symptoms such as digestive system dis- 
orders (e g. diarrhea, vomiturition and nausea), proteometabolism abnomiality (e.g. hypoalbuminemla), saccharome- 
taboiism abnormality (e.g. reduction of glucose toierance and reduction of Insulin secretion), lipid metabolism abnor- 

30 mallty (e.g. hyperlipidemla and reduction of serum lipoprotein lipase ability), anorexia, hematological abnormality (e. 
g. anemia, thrombosis and DIG syndrome), electrolyte abnormality (e.g. hyponatremia, hypokalemia and hypercal- 
cemia). Immunodeficiency (e.g. infection disease), and pain, significantly reduce QOL of a patient. It has been clarified 
that, among the above diseases, PTH or PTHrP acts as a causal substance in humoral hypercalcemia of malignancy, 
primary hyperparathyroidism and secondary hyperparathyroidism. 

35 [0121] As described in "1 , Syndromes associated with malignancy", when neutralizing antibody of PTHrP is admin- 
istered to model animals developing humoral hypercalcemia of malignancy, there can be observed improvements of 
symptoms such as not only normalization of biood calcium level but also Increase of amount of movement. Increase 
of food and water consumption, Improvement of polyuria and normalization of vasopressin. From the above results, 
PTHrP Is considered to be a causal substance of syndromes associated with malignancy, and various symptoms of 

40 the syndromes are considered to be provoked by means of a PTH/PTHrP receptor expressing In various organs. 
Therefore, It is considered that an active substance blocking a signal to a PTH/PTHrP receptor improves the reduction 
of QOL In diseases such as syndromes associated with malignancy, humoral hypercalcemia of malignancy, primary 
hyperparathyroidism and secondary hyperparathyroidism. 

45 3. Central nen/e system 

[0122] in syndromes associated with malignancy, humoral hypercalcemia of malignancy, primary hyperparathy- 
roidism and secondary hyperparathyroidism, actions towards central nerve such as anorexia, mouth dryness and re- 
duction of amount of movement can be observed. As staled above, improvements of symptoms such as increase of 
50 amount of movement. Increase of food and water consumption, improvement of polyuria, normalization of vasopressin 
can be observed by administration of neutralizing antibody of PTHrP, Accordingly PTHrP is considered as a causal 
substance of symptoms caused by central nerve, and these symptoms are considered to be provoked by means of a 
PTH/PTHrP receptor expressing in central nerve system. Therefore, an active substance blocking a signal to a PTH/ 
PTHrP receptor Is considered to Improve symptoms caused by central nerve. Examples of central nerve system dis- 
ss eases Include dyssomnia, neuropathy (e.g. schizophrenia, manic-depressive psychosis, neurosis and psychophysio- 
logic disorder), nervous symptom (e.g. vomiting, nausea, mouth dryness, anorexia and vertigo), brain metabolism 
abnomnality, cerebral circulation abnormality, autonomic Imbalance, and endocrine system abnonnality with which cen- 
tral nervous system is associated, etc. PTHrP and a PTH/PTHrP receptor express in central nerve system (CNS), but 
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functions thereof have hardly been clarified yet. When localization of PTHrP mRNA in a rat brain was analyzed by in 
situ hybridization, it was found that the mRNA existed in the hippocampus, the granular celllayer of cerebellum, cerebral 
cortex and hypothalamus (Weaver et al., Mol Brain Res 28:296-301 , 1995; Weir et al., Proc Natl Acad Sci USA 87; 
108-112, 1990). 

5 [0123] Moreover, the distribution of PTH/PTHrP receptor in rat brain matches with the distribution of PTHrP, and so 
it is assumed that PTHrP acts as a local autocrine/paracrine factor in central nervous system (CNS). An experiment 
regarding binding of PTH to a cell membrane fraction prepared from each site of rat brain teaches the order of binding 
strength as hypothalamus, cerebellum and cerebral cortex (Harvey et al., Peptides 14:1 1 87-11 91 , 1 993). Furthermore, 
it has been reported that arglnlne vasopressin (AVP) is released by PTHrP (1 -34) stimulation of rat supraoptic nucleus 

10 (SON) slices, and that there Is a possibility that PTHrP involves in homeostasis of in vivo water or electrolyte (Yamamoto 
etal.. Endocrinology 139:383-388, 1998, Yamamoto et al., Endocrinology 138:2066-2072, 1997). Thus, the facts that 
PTHrP and a PTH/PTHrP receptor are widely distributed in brain and that there are common nervous symptoms and 
symptoms among the above diseases, suggest involvement of PTH or PTHrP as an onset cause of some of central 
nervous system diseases. Therefore, an active substance blocking a signal from PTH/PTHrP to the receptor is con- 

15 sidered to improve central nervous system diseases. 

4. Cytol<ine cascade 

[0124] As stated above, as reports suggesting the possibility of crosstalk between PTH or PTHrP and cytokine, the 
20 following reports are known: 

1 ) The values of IL-6 and TNF-a are high in a patient of primary hyperparathyroidism caused by high value of PTH 
(Grey A. et al., J Clin Endocrinol Metab 81 :3450-5, 1996) 

2) When osteoblasts are stimulated by PTH or PTHrP in an in vitro system, expression of IL-6 and LIP is promoted 
25 (Pollock JH. et a!,, J Bone Miner Res 11:754-9, 1996) 

3) A series of experiments with synovial cells showed that production of IL-6 is accentuated by stimulation with 
PTHrP, and that TNF-ct and IL-1|3 promote expression of PTHrP, and it was found that PTHrP is a member of pro- 
inflammatory cytokine cascade (Funk JL. et al.. Endocrinology 138:2665-73, 1997; Funk JL. et al., J Clin Invest 
101:1362-71, 1998) 

SO 4) In cultured human vascular endothelial cells also, TNF-a and IL-1p promote expression of PTHrP (Biochem 

Biophys ResCommun 249:339-343, 1998) 

[0125] l\^oreover, it is known that not only generation of various cytokines but also that of PTHrP is induced in LPS- 
induced septicemia models. As shown in Examples, a neutralizing antibody of PTHrP has a life-prolonging effect in 

35 LPS-induced septicemia models. 

[0126] Thus, PTH or PTHrP-cytokine cascade caused by induction of cytokine by PTHrP or induction of PTHrP by 
cytokine is considered to be involved in onset of pathology. Furthermore, since a life-prolonging effect was observed 
in LPS-induced septicemia models by blocking a cytokine-production inducing signal by PTHrP in various organs, an 
active substance blocking a signal from PTH/PTHrP to the receptor can be a therapeutic agent for septicemia, cachexia, 

40 inflammation, hemopathy such as hematopoietic system abnormality and leukaemia, calcium metabolism abnormality 
and autoimmune disease such as rheumatism. 

[REFERENCE EXAIVIPLE 1] 

45 Preparation of hybridomas producing anti-PTHrP (1-34) mouse monoclonal antibody 

[0127] Hybridomas capable of producing a monoclonal antibody against human PTHrP (1-34) (SEQ ID NO: 75), 
#23-57-154 and #23-57-137-1 , were prepared as follows (see Sato, K. et al., J. Bone Miner. Res. 8, 849-860, 1993). 
The amino acid sequence of the human PTHrP (1-34) is shown in SEO ID NO:75. 

50 [0128] For useasanimmunogen, PTHrP (1-34) (Peninsula) was conjugated with a carrier protein thyroglobulin using 
carbodiimide (Dojinn), The thycloglobulin-conjugated PTHrP (1-34) was dialyzed to obtain a solution having a protein 
concentration of 2 \ig/m\. The resulting solution was mixed with Freund's adjuvant (Difco) at a mixing ratio of 1 :1 to 
give an emulsion. This emulsion was injected to 16 female BALB/C mice 11 times subcutaneously at the back or 
intraperitoneally at a dose level of 100 jig/mouse for each injection, thereby immunizing the mice. For the priming 

55 immunization, Freund's complete adjuvant was used; while for the boosting immunization, Freund's incomplete adju- 
vant was used. 

[0129] Each of the immunized mice was determined for its antibody titer in the serum in the following manner. That 
is, each of the mice was blood-drawn via its tail vein, and the anti-serum is separated from the blood. The anti-serum 
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was diluted with a RIA buffer and mixed with ^^^l-labeled PTHrP (1-34) to determine binding activity. The mice that 
were confirmed to have a sufficiently increased titer were injected with PTHrP (1 -34) without a carrier protein intraperi- 
toneally at a dose level of 50 ng/mouse for the final immunization. 

[0130] Three days after the final immunization, the mouse is sacrificed and the spleen was removed therefrom. The 
5 spleen cells were subjected to cell fusion with mouse myeloma cell line P3x63Ag8U.1 in accordance with a conventional 
known method using 50% polyethylene glycol 4000 . The fused cells thus prepared were seeded to each well of eighty- 
five 96-well plates at a density of 2 x 1 0^/well. Hybridomas were screened in HAT medium as follows. 
[0131] The screening of hybridomas was performed by determining the presence of PTHrP-recognitlon antibodies 
in the culture supernatant of the wells In which cell growth had been observed in HAT medium, by solid phase RIA 
10 method. The hybridomas were collected from the wells in which binding ability to the PTHrP-recognition antibodies 
had been confirmed. The hybridomas thus obtained was suspended into RPMI-1640 medium containing 15% FCS 
supplemented with OPi-supplement (Sigma), followed by unification of the hybridomas by limiting dilution method. 
Thus, two types of hybridoma clones, #23-57-1 54 and #23-57-1 37-1 , could be obtained, both which had a high binding 
ability to PTHrP (1-34). 

'5 [0132] Hybridoma clone #23-57-137-1 was designated as "mouse-mouse hybridoma #23-57-137-1", and has been 
deposited under the terms of the Budapest Treaty on August 15, 1996 at the National Institute of Bioscience and 
Human-technology, Agency of Industrial Science and Technology, Japan (1-3, Higashi 1-chome, Tsul<uba-shi, Ibaraki, 
Japan) under the accession No. PERM BP-5631. 

20 [REFERENCE EXAMPLE 2] 

Cloning of DNAs encoding V-regions of mouse monoclonal antibody against human PTHrP (1 -34) 

[0133] Cloning of DNAs encoding the V-regions of a mouse monoclonal antibody against human PTHrP (1-34), 
25 #23-57-137-1 , was performed in the following manner. 

(1) Preparation of mRNA 

[0134] mRNA from hybridoma #23-57-137-1 was prepared using Quick Prep mRNA Purification Kit (Pharmacia Bi- 
30 otech). That is, cells of hybridoma #23-57-137-1 were fully homogenized with an extraction buffer, and mRNA was 
isolated and purified therefrom on an oligo(dT)-Cellulose Spun Column in accordance with the instructions included in 
the kit. The resulting solution was subjected to ethanol precipitation to obtain the mRNA as a precipitate. The mRNA 
precipitate was dissolved in an elution buffer. 

35 (2) Production and ampiification of cDNA for gene encoding mouse H-chain V-region 

(1) Cloning of cDNA for #23-57-1 37-1 antibody H-chain V-region 

[0135] A gene encoding H-chain V-region of the mouse monoclonai antibody against human PTHrP was cloned by 
40 5'-RACE method (Frohman, M A. etal., Proc. Natl. Acad. Scl. USA, 85, 8998-9002, 1988; Belyavsky, A. etal.. Nucleic 
Acids Res. 17, 2919-2932, 1989). The 5'-RACE method was perfomied using 5'-Ampli FINDER RACE Kit 
(CLONETECH) in accordance with the instructions included in the kit. In this method, the primer used for synthesis of 
cDNA was MHC2 primer (SEQ ID NO; 1) which is capable of hybridizing to mouse H-chain C-region. The above- 
prepared mRNA (about 2 (xg), which was a template for the cDNA synthesis, was mixed with MHC2 primer (1 0 pmoles). 
45 The resulting mixture was reacted with a reverse transcriptase at 52° C for 30 minuets to effect the reverse transcription 
of the mRNA into cDNA. 

[0136] The resulting reaction solution was added with 6N NaOH to hydrolyze any RNA remaining therein (at 65° C 
for 30 min.) and then subjected to ethanol precipitation to isolate and purify the cDNA as a precipitate. The purified 
cDNAwas ligated to Ampli FINDER Anchor (SEQ ID NO; 42) at the 5' end by reacting with T4 RNA ligase at 37° C for 
50 6 hours and additionally at room temperature for 1 6 hours. As the primers for amplification of the cDNA by PCR method, 
Anchor primer (SEQ ID NO; 2) and MHC-G1 primer (SEQ ID NO; 3) (S.T. Jones, et al.. Biotechnology, 9, 88, 1991) 
were used. 

[0137] The PCR solution comprised (per 50^1) 10 mM Tris-HCI (pH 8.3), 50 mM KCI, 0.25 mlVI dNTPs (dATP, dGTP, 
dCTP, dTTP), 1 .5 mM MgCl2, 2.5 units of TaKaRa Taq (Takara Shuzo Co., Ltd.), 1 0 pmoles Anchor primer, and 1 ^,1 of 
55 the reaction mixture of the cDNA to which MHC-G1 primer and Ampli FINDER Anchor primer had been ligated, over 
which mineral oil (50 jil) was layered. The PCR was performed on Thermal Cycler Model 480J (Perkin Elmer) for 30 
cycles under the conditions: 94° C for 45 sec; 60° C for 45 sec; and 72° C for 2 min. 
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(ii) Cloning of cDNA for #23-57-137-1 antibody L-chain V-region 

[0138] A gene encoding L-chain V-region of the mouse monoclonal antibody against human PTHrP was cloned by 
5'-RACE method (Frohman, M. A. et al., Proc. Natl. Acad. Sci. USA, 85, 8998-9002, 1988; Belyavslty, A. etal.. Nucleic 

5 Acids Res. 1 7, 291 9-2932, 1 989). The 5'-RACE method was performed using 5'-Ampii Finder RACE Kit (CLONETECH) 
in accordance with the instructions included in the kit. In this method, oiigo-dT primer was used as the primer for 
synthesizing cDNA. The above-prepared mRNA (about 2 jig), which was a template for the cDNA synthesis, was mixed 
with oligo-dT primer. The resulting mixture was reacted with a reverse transcriptase at 52° C for 30 min, to effect the 
reverse transcription of the mRNA into cDNA. The resulting reaction solution was added with 6N NaOH to hydroiyze 

10 any RNA remaining therein (at 65° 0 for 30 min.). The resulting solution was subjected to ethanoi precipitation to isolate 
and purified the cDNA as a precipitate. The cDNA thus synthesized was llgated to Ampii FINDER Anchor at the 5' end 
by reacting with T4 RNA iigase at 37° C for 6 hours and additionally at room temperature for 1 6 hours. 
[0139] A PGR primer iVILC (SEQ ID NO: 4) was designed based on the conserved sequence of mouse L-chain X 
chain C-region and then synthesized using 394 DNA/RNA Synthesizer (ABI). The PGR solution comprised (per 100 

15 nl) 10 mM Tris-HCI (pH 8.3), 50 mM KOI, 0.25 mM dNTPs (dATP, dGTP, dCTP, dTTP), 1 .5 mM MgClj, 2.5 units of 
AmpllTaq (PERKIN ELMER), 50pmoles of Anchor primer (SEQ ID NO: 2), and 1 jilofthe reaction mixture of the cDNA 
to which MLC (SEQ ID NO; 4) and Ampli FINDER Anchor were ligated, over which mineral oil (50 ^,1) was layered. The 
PCR reaction was performed on Thermal Cycler Model 480J (Parkin Elmer) for 35 cycles under the conditions: 94° C 
for 45 sec.; 60° C for 46 sec; and 72° C for 2 min. 

20 

(3) Purification and fragmentation of PCR products 

[0140] Each of the DNA fragments amplified by PCR method described above was separated by agarose gel elec- 
trophoresis on a 3% Nu Sieve GTG agarose (FiVlC Bio, Products), For each of the H-chain V-reglon and the L-chaIn 

25 V-region, an agarose gel segment containing a DNA fragment of about 550 bp was excised from the gel. Each of the 
gel segments was subjected to purification of the DNA fragment of Interest using GENECLEAN 11 Kit (BiOIOI) In 
accordance with the Instructions Included in the i<it. The purified DNA was precipitated with ethanoi, and the DNA 
precipitate was dissolved In 20 .al of a solution containing 10 mM Tris-HCI(pH 7.4) and 1 mM EDTA. An aliquot (1 ^li) 
of the DNA solution was digested with a restriction enzyme Xmal (New England Biolabs) al37° C fori hour and further 

so digested with a restriction enzyme EcoRI (Takara Shuzo Co., Ltd.) at 37° C for 1 hour. The digestion solution was 
extracted with phenol and chloroform and then precipitated with ethanoi to collect the DNA. 

[01 41 ] I n this manner, two DNA fragments containing a gene encoding mouse H-chain V-region and a gene encoding 
mouse L-chain V-region, respectively, were obtained, both which had an EcoRI recognition sequence on the 5' end 

and an Xmal recognition sequence on the 3' end. 

35 [0142] The EcoRI-Xmai DNA fragments containing a gene encoding mouse H-chain V-reglon and a gene encoding 
mouse L-chain V-region, respectively were separately llgetedto pUCI 9 vector that had been digested with EcoRI and 
Xmal at 16° C for 1 hour using DNA Ligation Kit ver.2 (Tal<ara Shuzo Co., Ltd.) in accordance with the instructions 
included In the kit. An aliquot (10 ^1) of the ligation mixture was added to 100 \i\ of a solution containing competent 
ceils of E. coli, JM 109 (Nippon Gene Co., Ltd.). The ceil mixture was allowed to stand on Ice for 15 min., at 42° Cfor 

40 1 min, and additionally for 1 min, on ice. The resulting cell mixture was added with 300 nl of SOC medium (IVlolecular 
Cloning: A Laboratory IVlanual, Sambrook, et al., Cold Spring Harbor Laboratory Press, 1989) and then Incubated at 
37° C for 30 min. The resulting cell solution was plated on LB agar medium or 2xYT agar medium (Molecular Cloning: 
A Laboratory Manual, Sambrook, et ai.. Cold Spring Harbor Laboratory Press, 1989) containing either 100 or 50 |xg/ 
ml of amplclllln, 0.1 mM of IPTG and 20 jig/ml of X-gal, and then Incubated at 37° C overnight. In this manner, E. coll 

45 transformants were prepared. 

[0143] The transformants were cultured at 37° C overnight In 2 ml of LB or 2xYT medium containing either 1 00 or 
50 [xg/mi of ampiclllin. The cell fraction was applied to Plasmid Extracter Pl-100( (Kurabo Industries, Ltd.) or QIAprep 
Spin Plasmid Kit (QIAGEN) to give a plasmid DNA. The plasmid DNA was sequenced as follows. 

50 (4) Sequencing of genes encoding mouse antibody V-regions 

[0144] The nucleotide sequence of the cDNA coding region carried on the plasmid was determined In DNA Sequencer 
373A (ABI; Perkln-Elmer) using Dye Terminator Cycle Sequencing Kit (Perkin-Elmer), Ml 3 Primer M4 (Takara Shuzo 
Co., Ltd.) (SEQ ID NO: 5) and Ml 3 Primer RV (Takara Shuzo Co., Ltd.) (SEQ ID NO: 6) were used as the primers for 
55 sequencing, and the nucleotide sequence was confirmed in the both directions. 

[0145] The plasmid containing a gene encoding mouse H-chain V-region derived from hybridoma #23-57-137-1 was 
designated as "MBC1 H04", and the plasmid containing a gene encoding mouse L-chain V-region derived from hybri- 
doma #23-57-137-1 was designated as "MBC1L24". The nucleotide sequences (including the con-esponding amino 
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acids sequences) of the gene encoding the mouse #23-57-137-1 antibody-derived H-chain V-region in plasmid 
IVIBCI H04 and the gene encoding the mouse #23-57-137-1 antibody-derived L-chain V-region in plasmid IVIBC1 H24 
were shown in SEQ. ID Nos: 57 and 65, respectively. The amino acid sequences of the polypeptides for the H-chaIn 
V-region and the L-chain V-reglon were shown in SEQ. ID NOs: 46 and 45, respectively 

5 [0146] The E. coll strain containing the above plasmid MBCI H04 and the E. coli strain containing the above plasmid 
MBC1L24 were designated as "Escherichia coll JIVI109 (IVIBCI H04)" and "Escherichia coli JM109 (MBC1L24)", re- 
spectively. These E. coli strains have been deposited under the terms of the Budapest Treaty at the National Institute 
of Bioscience and Human-Technology, Agency of Industrial Science and Technology, Japan (1-3, Higashi 1-chome, 
Tsukuba-shi, IbarakI, Japan) on August 15, 1996, under the Accession No. PERM BP-5628for Escherichia coli JM1 09 

10 (MBCI H04) and PERM BP-5627 for Escherichia coli JM1 09 (IVIBCI L24), respectively 

(5) Determination of CDRs of mouse monoclonal antibody #23-57-137-1 against human PTHrP 

[0147] The H-chain V-reglon and the L-chain V-region have general structures similar to each other, each of which 
'5 has four framework regions (FRs) linked through three hypervariable regions (i.e., complementarity determining re- 
gions; CDRs). The amino acid sequences of the FRs are relatively well conserved, while the amino acid sequence of 
the CDRs have an extremely high variability (Kabat, E.A. et al., "Sequence of Proteins of Immunological Interest", US 
Dept. Health and Human Services, 1983). 

[0148] I n view of these facts, the homology in amino acid between the V-regions of the mouse monoclonal antibody 
20 against human PTHrP was detennined with reference to the database of amino acid sequences of antibodies estab- 
lished by Kabat et al. Thus, the CDRs of the V-reglons were determined as shown in Table 1 . 
[0149] The amino acid sequences of CDRs 1 -3 In the L-chaIn V-region are shown in SEQ ID Nos: 59 to 61 , respec- 
tively; and the amino acid sequences of CDRs 1 -3 in the H-chain V-region are shown In SEQ ID Nos: 62 to 64, respec- 
tively. 

25 



Table 1 



V-region 


SEQ ID NO. 


CDR1 


CDR2 


CDRS 


H-chain V-region 


57 


31-35 


50-66 


99-107 


L-chaIn V-region 


65 


23-34 


50-60 


93-105 



[REFERENCE EXAMPLE 3] Construction of Chimeric Antibody 
(1) Construction of chimeric antibody H-chain 

35 

(i) Construction of H-chain V-region 

[0150] To iigateto an expression vector carrying a genomic DNAof human H-chain C-region C y 1, the cloned DNA 
encoding mouse H-chain V-region was modified by PGR method. A backward primer MBCI -81 (SEQ ID NO: 7) was 

40 designed to hybridize to a DNA sequence encoding the 5' region of the leader sequence of the V-reglon and to have 
both a Kozak consensus sequence (Kozak, M. et al., J. Mol. Biol., 196, 947-950, 1987) and a HIndlll-recognition se- 
quence. A forward primer MBCI -a (SEQ ID NO: 8) was designed to hybridize to a DNA sequence encoding the 3' 
region of the J region and to have both a donor splice sequence and a BamHI-recognition sequence. The PCR reaction 
was performed using TaKaRa Ex Taq (Takara Shuzo Co., Ltd.) and a buffer appended thereto. The PCR solution 

45 comprised (per 50^1) 0.07 \ig of plasmid MBC1H04 as a template DNA, 50 pmoles of MBCI -a and 50 pmoles of 
MBCI -SI as primers, 2.5U of TaKaRa Ex Taq and 0.25 mM dNTPs in the buffer, over which 50^1 of mineral oil was 
layered. The PCR was run for 30 cycles under the conditions: 94° Cfor 1 min.; 55° Cfor 1 min.; 72° C for 2 mln. The 
DNA fragments thus amplified by the PCR method were separated by agarose gel electrophoresis on a 3% Nu Sieve 
GTG Agarose (FMC Bio. Products). 

50 [0151] Then, an agarose gel segment containing a DNA fragment of 437 bp was excised, and the DNA fragment 
was purified therefrom using GENECLEAN ii Kit (BI01 01) in accordance with the instructions included in the kit. The 
purified DNA was collected by ethanol precipitation, and then dissolved in 20 jil of a solution containing 10 mM TrIs-HCI 
(pH 7.4) and 1 mM EDTA. An aliquot (1 jil) of the resulting DNA solution was digested with restriction enzymes BamHI 
and Hindi II (Takara Shuzo Co., Ltd.) at 37° Cfor 1 hour. The digestion solution was extracted with phenol and chloroform 

55 and then precipitated with ethanol to collect the DNA of interest. 

[0152] The obtained Hindlll-BamHI DNA fragment, which containing a gene encoding the mouse H-chain V-region, 
wassubcloned intopUC19vectorthathadbeen digested with Hindlll and BamHI. The resulting plasmid was sequenced 
on DNA Sequencer 373A (Perkin-Elmer) using Ml 3 Primer M4 and M13 Primer RV as primers and Dye Terminator 
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Cycle Sequencing Kit (Perkin-Elmer). As a result, a plasmid which carried a gene of correct nucleotide sequence 
encoding the mouse H-chain V-region derived from hybridoma #23-57-137-1 and had a Hindlll-recognition sequence 
and a Kozak sequence on its 5' region and a BamHI-recognition sequence on its 3' region was obtained, which was 
designated as "MBC1H/pUC19". 

5 

(ii) Construction of H-chain V-region for preparation of cDNA-type of mouse-human chimeric H-chain 

[0153] To ligate to cDNA of the human H-chain C-region C 7 1, the DNA encoding the mouse H-chain V-region 
constructed as described above was modified by PCR method. A baci<ward primer MBC1HVS2 (SEQ ID NO: 9) for 

10 the V-region was designed to cause the replacement of the second amino acid (asparagine) of the sequence encoding 
the front part of the leader sequence of the H-chain V-region by glycine and to have a Kozak consensus sequence 
(Kozak, M. et al., J. Mol. Biol., 196, 947-950^ 1987) and HIndlll- and EcoRI-recognition sequences. A forward primer 
IVIBCI HVR2 (SEQ ID NO: 10) for the H-chain V-region was designed to hybridize to a DNA sequence encoding the 3' 
region of the J region, to encoding the 5' region of the C-region and to have Apal- and Smal-recognition sequences. 

'5 [0154] The PCR reaction was performed using TaKaRa Ex Taq (Takara Shuzo Co., Ltd.) and a buffer appended 
thereto. The PCR solution comprised (per 50 jil) 0.6 \ig of plasmid MBC1 H/pUC1 9 as a template DNA, 50 pmoles of 
IVIBCI HVS2 and 50 pmoles of MBC1 HVR2 as primers, 2.5U of TaKaRa Ex Taq and 0.25 mM of dNTPs in the buffer, 
over which 50nl of mineral oil was layered. The PCR reaction was run for 30 cycles under the conditions: 94° C for 1 
min.; 55° Cfor 1 min.; 72° C for 1 min. The DNA fragments amplified by the PCR reaction were separated by agarose 

20 gel electrophoresis on a 1% Sea Kem GTG Agarose (FMC Bio. Products). Then, an agarose gel segment containing 
aDNAfragmentof456bpwas excised and the DNA fragment was purified therefrom using GENECLEAN II Kit(BIO101) 
in accordance with the instructions included in the kit. The purified DNA was precipitated with ethanol and then dissolved 
in 20 |il of a solution containing 10 mlVl Tns-HCI (pH 7.4) and 1 mM EDTA. 

[0155] The resulting DNA solution (1 \ig) was digested with restriction enzymes EcoRI and Smal (Takara Shuzo Go,, 
25 Ltd,) at 37° 0 for 1 hour. The digestion solution was extracted with phenol and chloroform and then precipitated with 
ethanol to collect the DNA, The obtained EcoRI-Smal DNA fragment, which containing a gene encoding the mouse 
H-chain V-region, was subcloned into pUC19 vectorthat had been digested with EcoRI and Smal. The resulting plasmid 
was sequenced on DNA Sequencer373A (Perkin-Elmer) using IVI1 3 Primer IVI4 and Ml 3 Primer RV, and Dye Terminator 
Cycle Sequencing Kit (Perkin-Elmer). As a result, a plasmid which contained a gene of correct nucleotide sequence 
so encoding mouse H-chain V-region derived from hybridoma #23-57-137-1 and had EcoRI- and Hindlll-recognition se- 
quences and a Kozak sequence on its 5' region and Apal- and Smal-recognition sequences on its 3' region was ob- 
tained, which was designated as "IVIBCI Hv/pUCI 9". 

(ill) Construction of expression vector for chimeric antibody H-chain 

35 

[0156] cDNA containing the DNA for human antibody H-chain C-reglon C y 1 was prepared as follows. mRNA was 
prepared from a OHO cell into which both an expression vector DHFR-AE-RVh-PIVI-1-f (see WO 92/19759) encoding 
the genomic DNAs of humanized PIVI1 antibody H-chain V-region and human antibody H-chain C-region IgGI (N, 
TakahashI etal.. Cell 29, 671-679, 1982) and an expression vector RVI-PMIa (see WO 92/19759) encoding the ge- 
40 nomic DNAs of humanized PM1 antibody L-chain V-region and human antibody L-ohain k chain C-region had been 
introduced. Using the mRNA, cDNA containing the humanized PIVI antibody H-chain V-region and the human antibody 
C-region Cyl was cloned by RT-PCR method, and then subcloned into plasmid pUCI 9 at the Hindlll-BamHI site. After 
sequencing, a plasmid which had the correct nucleotide sequence was obtained, which was designated as 
"pRVh-PM1f-cDNA". 

45 [0157] An expression vector DHFR-AE-RVh-PI\^-1 -f in which both a Hindlll site located between SV40 promoter and 
a DHFR gene and an EcoRI site located between EF-1a promoter and a humanized PM1 antibody H-chain V-region 

gene had been deleted, was prepared for the construction of an expression vector for cDNA containing the humanized 
PM1 antibody H-chain V-region gene and the human antibody C-reglon C y 1 gene. 

[0158] The plasmid obtained (pRVh-PMIf-cDNA) was digested with BamHI, blunt-ended with Klenow fragment, and 
50 further digested with Hindlll, thereby obtaining a blunt-ended Hindlll-BamHI fragment. The blunt-ended Hindlll-BamHI 
fragment was ligated to the above-mentioned Hindlll site- and EcoRI site-deleted expression vector DHFR- 
AE-RVh-PMI-f that had been digested with Hindlll and BamHI, Thus, an expression vector RVh-PMIf-cDNA was 
constructed which contained cDNA encoding the humanized PIVI1 antibody H-chain V-region and the human antibody 
C-region C y 1 . 

55 [0159] TheexpressionvectorRVh-PMIf-cDNAcontalnlngthecDNAencodlngthehumanized PM1 antibody H-chain 
V-region and the human antibody C-region C y 1 was digested with Apal and BamHI, and a DNA fragment containing 
the H-chain C-region was collected therefrom. The resulting DNA fragment was introduced into the plasmid IVIBCI Hv/ 
pUCI 9 that had been digested with Apal and BamHI. The plasmid thus prepared was designated as "MBCI HcDNA/ 
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pUC19". This plasmid contained cDNA encoding the mouse antibody H-chain V-region and the human antibody C- 
region C y 1 , and had EcoRI- and Hindlll-recognition sequences on its 5' region and a BamHI-recognition sequence 
on its 3' region. 

[0160] The plasmid IVIBC1 HcDNA/pUC1 9 was digested with EcoRI and BamHI to give a DNA fragment comprising 
5 a nucleotide sequence encoding the chimeric antibody H-chain. The resulting DNA fragment was introduced into an 
expression vector pC0S1 that had been digested with EcoRI and BamHI, thereby giving an expression vector for the 
chimeric antibody, which was designated as "MBC1HcDNA/pC0S1". Here, the expression vector pCOSI was con- 
structed using HEF-PIVlh-g yl (see WO 92/19759) by deleting therefrom an antibody genes by digestion with EcoRI 
and Smal, and then ligating it to EcoRI-Notl-BamHI Adaptor (Takara Shuzo Co., Ltd.) 
10 [0161] For preparing a plasmid for the expression in a CHO cell, the plasmid MBC1 HcDN/VpUC19 was digested 
with EcoRI and BamHI to obtain a DNA fragment containing a gene for the chimeric antibody H-chain. The DNA frag- 
ment was then introduced into an expression plasmid pCHOI that had been digested with EcoRI and BamHI to give 
an expression plasmid for the chimeric antibody, which was designated as "MBC1 HcDNA/pCH01 ". Here, the expres- 
sion vector pCH01 was constructed using DHFR-AE-rvH-PIVI1 -f (see WO 92/1 9759) by deleting therefrom an antibody 
15 gene by digestion with EcoRI and Smal, and then ligating It to EcoRI-Notl-BamHI Adaptor (Takara Shuzo Co., Ltd.) 

(2) Construction of human L-chain C-reglon 

(I) Preparation of cloning vector 

20 

[0162] To construct pUC1 9 vector containing a gene for human L-chain C-region, aHindlll site-deleted pUCIGvector 
was prepared, pUCI 9 vector (2 ng) was digested In 20 ^1 of a reaction solution containing 20 mM Tris-HCI (pH 8.5), 
10 mlVl MgClg, 1 mM DTT, 100 mM KOI, 8 U of Hindlll (Takara Shuzo Co., Ltd.) at 37° C for 1 hour The resulting 
digestion solution was extracted with phenol and chloroform, and then subjected to ethanol precipitation to collect the 
25 DNA of interest, 

[0163] The DNA collected was reacted in 50 jil of a reaction solution containing 50 mM Tris-HCI (pH 7.5); 10 mM 
MgClj, 1 mM DTT, 1 00 mM NaCI, 0.5 mM dNTPs and 6U of Klenow fragment (GIBCO BRL) at room temperature for 
20 min., thereby rendering the tennlnal ends of the DNA blunt. This reaction mixture was extracted with phenol and 
chloroform and then subjected to ethanol precipitation to collect the vector DNA. 

30 [0164] The vector DNA thus collected was reacted In lOnlof a reaction solution containing 50 mM Tris-HCI (pH 7.6), 
10 mM MgClg, 1 mM ATP, 1 mM DTT, 5% (v/v) polyethylene glycol-8000 and 0.5 U of T4 DNA ligase (GIBCO BRL) at 
1 6° C for 2 hours, to cause self-llgatlon of the vector DNA. The reaction solution (5 (xi) was added to 1 00 jii of a solution 
containing competent cells of E. coll, JM1 09 (Nippon Gene Co., Ltd.), and the resulting solution was allowed to stand 
on ice for 30 min., at 42° C for 1 min., and additionally on Ice for 1 min. SOC culture medium (500 was added to 

35 the reaction solution and then incubated at 37° C for 1 hour. The resulting solution was plated on 2xYT agar medium 
(containing 50 .ag/ml of ampicillin) on which X-gal and I PTG had been applied (Molecular Cloning: A Laboratory Manual, 
Sambrook, et al., Cold Spring Harbor Laboratory Press, 1989), and then cultured at 37° C overnight, thereby obtaining 
a transformant. 

[0165] The transformant was cultured in 2xYT medium (20 ml) containing ampicillin (50 ng/ml) at 37° C overnight, 
40 From the cell fraction of the culture medium, a plasmid DNA was isolated and purified using Plasmid Mini Kit (QIAGEN) 
in accordance with the Instructions included in the kit. The purified plasmid was digested with Hindlll. The plasmid that 
was confirmed to have a Hindlll site-deletion was designated as "pUC19 A Hindlll". 

(II) Construction of DNA encoding human L-chain X chain C-region 

45 

[0166] Human antibody L-chaIn X chain C-region Is known to have at least four Isotypes Including Mcg+Ke+Oz", 
Mcg Ke Oz", Mcg-Ke-Oz+ and Mcg Ke+Oz" (P Dariavach, et al., Proc. Natl. Acad. Sci. USA, 84, 9074-9078, 1 987). A 
search was made for a human antibody L-chain X chain C-region homologous to the #23-57-137-1 mouse L-chain X 
chain C-region from the EMBL database. As a result, it was found that the isotype Mcg+Ke+Oz- of the human antibody 
50 L-chain Xchain (Accession No. X57819) (P Dariavach, etal,, Proc, Natl. Acad, Sci. USA, 84, 9074-9078, 1987) showed 
the highest degree of homology to the #23-57-1 37-1 mouse L-chain ^ chain C-region, with a 64.4% homology in terms 
of amino acid sequence and a 73.4% homology in terms of nucleotide sequence. 

[0167] Then, a gene encoding the human antibody L-chain A, chain C-region was constructed by PCR method. The 
primers forthe PCR were synthesized using 394 DN/VRNA Synthesizer (ABI). The synthesized primers were as follows: 
55 HLAMB1 (SEQ ID NO: 11) and HLAMB3 (SEQ ID NO: 13), both having a sense DNA sequence; and HLAMB2 (SEQ 
ID NO: 12) and HLAMB4 (SEQ ID NO; 14), both having an antlsense DNA sequence; each primer containing a com- 
plementary sequence of 20-23 bp on the both terminal ends. 

[0168] Extemal primers HLAMBS (SEQ ID NO: 15) and HLAMBR (SEQ ID NO: 16) had sequences homologous to 
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the primers HLAMB1 and HLAMB4, respectively. HLAMBS contained EcoRI-, Hindlll-and BInl-recognition sequences, 
and HLAMBR contained an EcoRI-recognition sequence. In the first-round PGR reaction, the reactions between 
HUMVIBI and HLAMB2 and between HLAMBS and HLAMB4 were performed. After the reactions were completed, both 
of the resulting PGR products were mixed in equivalent quantities, and then assembled in the second-round PGR 
5 reaction. The reaction solution was added with the external primers HLAMBS and HLAMBR. This reaction mixture was 
subjected to the third-round PGR reaction to amplify the full length DNA. 

[0169] Each PGR reaction was performed using TaKaRa Ex Taq (Takara Shuzo Go., Ltd.) in accordance with the 
Instructions included In the l<lt. In the first-round PGR reaction, 1 00 \i\ of either a reaction solution containing 5 pmoles 
of HLAMB1 , 0.5 pmole of HLAMB2 and 5U of TaKaRa Ex Taq (Takara Shuzo Go., Ltd.) ora reaction solution comaming 
10 0.5 pmoleof HLAMBS, 5 pmoles of HLAMB4and5U of TaKaRa Ex Taq (Takara Shuzo Go., Ltd.) was used, over which 
50 \i\ of mineral oil was layered. The PGR reaction was run for 5 cycles under the conditions: 94° C for 1 min ., 60° C 
for 1 min. and 72° G for 1 min. 

[0170] In the second-round PGR reaction, a mixture of both the reaction solutions (50 al each) was used, over which 
50 (il of mineral oil was layered. The PGR reaction was run for 3 cycles under the conditions: 94° C for 1 min., 60° C 
15 for 1 min. and 72° G for 1 min. 

[0171] In the third-round PGR reaction, the reaction solution to which the external primers HLAMBS and HLAMBR 
(50 pmoles each) were added was used. The PGR reaction was run for SO cycles under the conditions: 94° C for 1 
min., 60° C for 1 min. and 72° G for 1 min. 

[0172] The DNA fragment obtained by the third-round PGR reaction was subjected to electrophoresis on a 3% low- 
20 melting agarose gel (NuSieve GTG Agarose, FMG), and separated and purified from the gel using GENEGLEAN II Kit 
(BIO101) in accordance with the instructions included in the kit. 

[0173] The obtained DNA fragment was digested in a reaction solution (20 jil) containing 50 mM Tris-HGi (pH 7.5), 
10 mM MgGIg, 1 mM DTT, 100 mM NaCI and 8U of EcoRi (Takara Shuzo Co., Ltd.) at 37° Cfor 1 hour The digestion 
solution was extracted with phenoi and chloroform, and the DNA was coilected therefrom by the ethanol precipitation, 

25 The DNA was dissolved in a soiution (8 ^i) containing 1 0 mlVI Tris-HCI (pH 7.4) and 1 mM EDTA. 

[0174] The above-prepared plasmid pUC19 AHindlll (0,8 ,ug) was digested with EcoRi in the same manner as set 
forth above. The digestion soiution was subjected to phenol/chloroform extraction and then ethanol precipitation, there- 
by giving a digested plasmid pUGI 9 AHindlll. The digested plasmid was reacted in a reaction soiution (50 containing 
50 mM Tris-HCI (pH 9.0), 1 mM MgClgand alkaline phosphatase (E. coll G75; Tal<ara Shuzo Co., Ltd.) at 37° G for SO 

SO min. to dephosphorylate (I.e., BAP-treat) the plasmid. The reaction solution was subjected to phenol/chloroform ex- 
traction, and the DNA was collected therefrom by ethanol precipitation. The DNA thus obtained was dissolved In a 
solution (10 nl) containing 10 mM Tris-HCI (pH 7.4) and 1 mM EDTA. 

[0175] The BAP-treated plasmid pUG1 9 AHindlll (1 jil) was ligated to the above-obtained PGR product (4 using 
DNA Ligation Kit Ver.2 (Takara Shuzo Co., Ltd.). The resulting plasmid was introduced into a competent cell of E. coli, 

35 JM109, to give a transformant. The transformant was cultured overnight in 2xYT medium (2 ml) containing 50 ng/ml 
of ampiciiiin. From the cell fraction, the plasmid was isolated using QiAprep Spin Plasmid Kit (QIAGEN). 
[0176] The obtained plasmid was sequenced for the cioned DNA part. The sequencing was performed on 373A DNA 
Sequencer (ABI) using MIS Primer M4 and Ml 3 Primer RV (Takara Shuzo Co., Ltd.). As a resuit, it was found that the 
cloned DNA had a 12-bp deietion therein. The plasmid was designated as "CA,A/pUC19". Then, for making up for the 

40 deleted part, primers HCLMS (SEQ ID NO: 17) and HGLMR (SEQ ID NO: 18) were newly synthesized, and a DNA of 
correct sequence was reconstructed using these primers by PGR method. 

[0177] in the first-round PGR reaction, the plasmid C AA/pUG19 having the DNA deletion therein was used as a 
tempiate, and the reaction was performed with each of the primer sets of HLAMBS and HGLMS and HGLMS and 
HLAMB4. The PGR products were purified separately. In the second-round PGR reaction, the PGR products were 

45 assembled together. In the third-round PGR reaction, the reaction product of the second-round PGR reaction was 
added with external primers HLAMBS and HLAMB4 and amplified to give the full length DNA. 
[0178] in the first-round PGR reaction, a reaction solution (100 containing 0.1 ]ig of C?i A/pUC19 as a template, 
either 50 pmoies of each of the primers HLAMBS and HCLMR or 50 pmoles of each of the primers HCLMS and 
HLAMB4, and 5U of TaKaRa Ex Taq (Takara Shuzo Co., Ltd.) was used, over which 50 \i\ of mineral oil was layered. 

50 The PGR reaction was run for 30 cycles under the conditions: 94° C for 1 min., 60° C for 1 min. and 72 ° Cfor 1 min. 
[0179] The PGR products of the first-round PGR reaction, HLAMBS-HCLMR (236 bp) and HCLMS-HLAMB4 (147 
bp), were subjected to electrophoresis separately on a 3% low-melting agarose gel to isolate the DNA fragments. The 
DNA fragments were collected and purified from the gels using GENEGLEAN II Kit (BIO101). in the second-round 
PGR reaction, 20 ^.1 of a reaction solution containing 40 ng of each of the purified DNA fragments and 1 U of TaKaRa 

55 Ex Taq (Takara Shuzo Go., Ltd.) was used, over which 25 ^,1 of mineral oil was layered. The PGR reaction was run for 
5 cycles under the conditions: 94° G fori min., 60° G for 1 min. and 72° G for 1 min. 

[0180] In the third-round PGR reaction, lOOjilof a reaction solution containing 2^,1 of the reaction solution obtained 
by the second-round PGR reaction, 50 pmoles of each of external primers HLAMBS and HLAMB4 and 5U of TaKaRa 
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Ex Taq (Takara Shuzo Co., Ltd.) was used, over which 50 \i\ of mineral oil was layered. The PGR reaction was run for 
30 cycles underthe conditions: 94° Cfor1 min., 60° C fori min. and 72° Cfor 1 min., thereby obtaining a DNA fragment 
of 357 bp (the third PGR product). The DNA fragment was subjected to electrophoresis on a 3% low-melting agarose 
gel to isolate the DNA fragment. The resulting DNA fragment was collected and purified using GENECLEAN Kit 
5 (BIO101). 

[0181] An aliquot (0.1 jig) of the DNA fragment thus obtained was digested with EcoRI, and then subcloned into 
plasmid pUGI 9 AHindlll that had been BAP-treated. The resulting plasmid was introduced into a competent cell of E. 
coii, JiVll 09, to forni a transfonnant. The transfonnant was cultured overnight in 2 ml of 2xYT medium containing 50 
ng/ml of ampicillin. From the cell fraction, the plasmid was isolated and purified using QIAprep Spin Piasmid Kit (QiA- 
10 GEN). 

[0182] The purified plasmid was sequenced on 373A DNA Sequencer (ABI) using M13 Primer M4 and iVIlS Primer 
RV (Takara Shuzo Go., Ltd.). The piasmid that was confimned to have the correct nucleotide sequence without any 
deletion was designated as "GWpUG19". 

'5 (iii) Gonstruction of gene encoding human L-chain k chain G-region 

[0183] A DNA fragment encoding the L-chain k chain G-region was cloned from piasmid HEF-PM1k-gk (WO 
92/19759) by PGR method. A forward primer HKAPS (SEQ ID NO: 19) was designed to contain EcoRI-, Hindlll and 
BInl-recognltion sequences, and a backward primer HKAPA (SEQ ID NO: 20) was designed to contain an EcoRI- 

20 recognition sequence. These primers were synthesized on 394 DNA/RNA Synthesizer (ABI). 

[0184] A PGR reaction was perfonned using 100 ^,1 of a reaction solution containing 0.1^ g of plasmid HEF-PiVllk- 
gk as a tempiate, 50 pmoies of each of primers HKAPS and HKAPA and 5U of TaKaRa Ex Taq (Takara Shuzo Co,, 
Ltd.), over whicin 50 ^i of minerai oii was layered. The PGR reaction was run for 30 cycles under the conditions: 94° 
C for 1 min., 60 " C for 1 min, and 72° C for 1 min., thereby giving a PGR product of 360 bp. The DNA fragment was 

25 isolated and purified by eiectrophoresis on a 3% iow-melting agarose, and then collected and purified using GENE- 
CLEAN 11 Kit (BiOIOI), 

[0185] The thus obtained DNA fragment was digested with EcoRI, and then cloned into plasmid pUCI 9 (Hindlll that 
had been BAP-treated. The resuiting plasmid was introduced into a competent cell of E. coll, JM109, to form a trans- 
formant. The transformant was cuitured overnight in 2 ml of 2xYT medium containing 50 ng/ml of ampicillin. From the 
so cell fraction, the piasmid was purified using QIAprep Spin Plasmid Kit (QIAGEN). 

[0188] The purified plasmid was sequenced on 373A DNA Sequencer (ABI) using M13 Primer M4 and M13 Primer 
RV (Takara Shuzo Co., Ltd.). The plasmid that was confirmed to have the correct nucleotide sequence was designated 
as "G K/pUG19". 

35 (3) Construction of chimeric antibody L-chain expression vector 

[0187] An expression vector for the chimeric #23-57-137-1 antibody L-chain was constructed. A gene encoding 
#23-57-137-1 L-chain V-region was iigatedtothe Hindi 1 1-Bini site (iocated just infront of the human antibody C-region) 
of each of the plasmidsCA/pUC1 9 and CK/pUC1 9, thereby obtaining pUC 19 vectors that contained the DN As encoding 
40 the chimeric #23-57-137-1 antibody L-chain V-region and either of the L-chain ^ chain C-region or the L-chain k region 
C-region, respectively Each of the resulting vectors was then digested with EcoRi to separate the gene for the chimeric 
antibody L-chain, The gene was subcloned into HEF expression vector 

[0188] That is, a DNAfragment encoding #23-57-1 37-1 antibody L-chain V-region was cloned from piasmid IVIBG1 L24 
by PGR method. Primers used In the PGR method were separately synthesized using 394 DNA/RNA Synthesizer 
45 (ABI). A backward primer MBGGHL1 (SEQ ID NO: 21) was designed to contain a Hindlll-recognltlon sequence and a 
Kozak sequence (Kozak, M. et al., J. Mol. Biol. 196, 947-950, 1987), and a forward primer MBGGHL3 (SEQ ID NO: 

22) was designed to contain Bglll- and RcoRI-recognition sequences. 

[0189] The PGR reaction was performed using 100|.il of a reaction solution containing 1 0 mlVI Tris-HCI (pH 8,3), 50 
mlVI KCI, 1 .5 mlVl MgClj, 0.2 mM dNTPs. 0.1 ng IVIBC1 L24, 50 pmoies of each of primers MBCCHL1 and IVIBCCHL3 
50 and 1 \i\ of AmpliTaq (PERKiN ELMER), over which 50 jjl of minerai oii was layered. The PGR reaction was run for 30 
cycles underthe conditions: 94° C for 45 sec, 60° C for 45 sec. and 72° C for 2 min, 

[0190] A PGR product of 444 bp was eiectrophoresed on a 3% low-melting agarose gei, and collected and purified 
using GENECLEAN II Kit (BIO101). The purified PGR product was dissolved in 20 ,al of a solution containing 10 mM 
Tris-HCI (pH 7.4) and 1 mM EDTA. The PGR product (1 was digested in 20 jj,l of a reaction solution containing 10 
55 mM Tris-HCI (pH 7.5), 10 mM MgCIa, 1 mM DTT, 50 mM NaCI, 8U of Hindlll (Takara Shuzo Co., Ltd ) and 8U of EcoRi 
(Takara Shuzo Co., Ltd.) at 37° C for 1 hour. The digestion solution was subjected to phenol/chloroform extraction, 
and the DNA of Interest was collected therefrom by ethanol precipitation. The DNA was dissolved in 8 liI of a solution 
containing 10 mM Tris-HCI (pH 7.4) and 1 mM EDTA. 
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[0191] In the same manner, plasmid pUC19 (1 jxg) was digested with Hindlll and EcoRI, and subjected to phenol/ 
chloroform extraction and then ethanol precipitation. The obtained digested plasmid was BAP-treated with alkaline 
phosphatase (E. coli C75; Takara Shuzo Co., Ltd.). The resulting reaction solution was extracted with phenol and 
chloroform, and the DNA was collected therefrom by ethanol precipitation. The DNA was dissolved in 1 0 [xl of a solution 

5 containing 1 0 mM Tris-HCI (pH 7.4) and 1 mM EDTA. 

[0192] The BAP-treated plasmid pUC19(1 was llgated to the above-obtained PGR product (4 using DNA 
Ligation Kit Ver. 2 (Takara Shuzo Co., Ltd.). The resulting plasmid was introduced into a competent cell of E. coli, 
JM109 (Nippon Gene Co.. Ltd.), in the same manner as set forth above,tofonTi atransformant. The transformant was 
plated on 2xYT agar medium containing 50 ng/ml of amplcillln and cultured at 37° C overnight. The resulting trans- 

10 fcrmant was then cultured at 37° C overnight In 2 ml of 2xYT medium containing 50 |ig/ml of amplclllin. From the cell 
fraction, the plasmid was purified using QIAprep Spin Plasmid Kit (QIAGEN). After determining the nucleotide se- 
quence, the plasmid that was confirmed to have the correct nucleotide sequence was designated as "CHL/pUC1 9". 
[0193] Each of plasmids CX/pUC19 and CK/pUC19 (1 |_Lg each) was digested in 20 lil of a reaction solution containing 
20 mM Tris-HCI (pH 8.5), 10 mM MgClg, 1 mM DTT, 100 mM KCI, 8U of Hindlll (Takara Shuzo Co., Ltd.) and 2U of 

15 BInl (Takara Shuzo Co., Ltd.) at 37° C for 1 hour. The digestion solution was extracted with phenol and chloroform, 
and the DNA was collected therefrom by ethanol precipitation. The DNA was BAP-treated at 37° C for 30 min. The 
reaction solution was extracted with phenol and chloroform, and the DNA was collected therefrom by ethanol precip- 
itation. The DNA was dissolved in 10 jil of a solution containing 10 mM Tris-HCI (pH 7.4) and 1 mM EDTA. 
[0194] The plasmid CHL/pUCI 9 (8 jig) that contained DNA encoding #23-57-1 37-1 L-chain V-region was digested 

20 with Hindlll and BInl in the same manner as set forth above to give a DNA fragment of 409 bp. The DNA fragment was 
electrophoresed on a 3% low-melting agarose gel, and then collected and purified from the gel using GENECLEAN II 
Kit (BIO101). The DNA was dissolved In 10[il of a solution containing 10 mM Tris-HCI (pH 7.4) and 1 mM EDTA. 
[0195] The DNA for L-chain V-region DNA (4 al) was subcloned into 1 ^,1 of each of the BAP-treated plasmids CXJ 
pUC19 and C KypUCIQ, and then introduced into a competent cell of E. coli, JM109, to form a transformant. The 

25 transformant was cultured overnight In 3 ml of 2xYT medium containing 50 [xg/ml of amplcillln. From the cell fraction, 
the plasmid was Isolated and purified using QIAprep Spin Plasmid Kit (QIAGEN). The two plasmids thus prepared 
were designated as "MBC1L(X)/pUC19" and "MBC1L(K)/pUC19", respectively. 

[0196] Each of plasmids MBC1L(A.)/pUC19 and MBC1L(K)/pUC19 was digested with EcoRI and then subjected to 
electrophoresis on a 3% low-melting agarose gel. A DNA fragment of 743 bp was isolated and purified from the gel 
30 using GENECLEANII Kit (BIO101), and then dissolved in 10 nl of a solution containing 10 mM Tris-HCI (pH 7.4) and 
1 mM EDTA. 

[0197] An expression vector (plasmid HEF-PM1 k-gk) (2.7 jxg) was digested with EcoRI and then extracted with phe- 
nol and chloroform, and the DNA was collected therefrom by ethanol precipitation. The DNA fragment was BAP-treated, 
and then subjected to electrophoresis on a 1% low-melting agarose gel. From the gel, a DNA fragment of 6561 bp was 
35 isolated and purified therefrom using GENECLEANII Kit (8101 01). The purified DNA fragment was dissolved in 10 [xl 
of a solution containing 1 0 mM Tris-HCI (pH 7.4) and 1 mM EDTA. 

[0198] BAP-treated HEF vector (2 nl) was llgated to an EcoRI fragment (3 jil) of each of plasmid MBC1 L(;i)/pUC1 9 
and MBC1L(K)/pUC19. The ligation product was introduced into a competent cell of E. coli, JM 109, to form atrans- 
formant. The transformant was cultured in 2 ml of 2xYT medium containing 50 ng/ml of amplclllin. From the cell fraction, 

40 the plasmid was purified using QIAprep Spin Plasmid Kit (QIAGEN). 

[0199] The purified plasmid was digested In 20 nl of a reaction solution containing 20 mM Tris-HCI (pH 8.5), 10 mM 
MgCl2, 1 mM DTT, 100 mM KCI, 8U of Hindlll (Takara Shuzo Co., Ltd.) and 2 U of Pvul (Takara Shuzo Co., Ltd.) at 
37° C for 1 hour. This reaction gave digestion fragments of 51 04/21 95 bp if the fragment was inserted In the correct 
orientation, or gave digestion fragments of 4378/2926 bp if the fragment was inserted In the reverse orientation. The 

45 plasmid that was confirmed to have the fragment In the correct orientation was designated as "MBC1L(X)/neo" for 
plasmid MBC1 L(;i)/pUC1 9 or "MBC1 L(K)/neo" for plasmid MBC1 L(K)/pUC1 9. 

(4) Transfection of COS-7 cell 

50 [0200] To evaluate the antigen-binding activity and the neutralizing activity of the chimeric antibodies, the expression 
plasmids prepared above were separately expressed transiently In a COS-7 cell. 

[0201 ] The transient expression of the chimeric antibodies was performed using each of the combinations of plasmids 
MBC1 HcDNA/pC0S1 and MBC1 L (X)/neo and plasmids MBC1 HcDNA/pCOSI and MBC1 L(k: )/neo, by co-tansfecting 
a COS-7 cell with the plasmids by electroporatlon using Gene Pulser (Bio Rad). That is, the plasmids (10 ng each) 
55 were added to a COS-7 cell suspension (0.8 ml; 1x10'' cells/ml) In PBS(-). The resulting solution was applied with 
pulses at an electrostatic capacity of 1,500V and 2 jiF to cause electroporation. After 10 min. of recovery period at 
room temperature, the electroporated cells were suspended in DMEM medium (GIBCO) containing 2% Ultra Low IgG 
fetal calf serum (GIBCO), and then cultured using a 1 0-cm culture dish in a COg incubator. After culturing for 72 hours, 
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a culture supernatant was collected and centrifuged to remove cell debris, and was provided for use as a sample for 
the subsequent ELISA. 

[0202] In this procedure, the purification of the chimeric antibody from the COS-7 cell culture supernatant was per- 
formed using AfflGel Protein A MAPSII Kit (Bio Rad) in accordance with the instructions Included in the kit. 

5 

(5) ELISA 

(I) Determination of antibody concentration 

10 [0203] An ELISA plate for determining antibody concentration was prepared as follows. Eachwellof a96-well ELISA 
plate (Maxisorp, NUNC) was coated with 100 liI of a coating buffer (0.1 IVI NaHC03, 0.02% NaNg) supplemented with 
1 (xg/ml of goat anti-human IgG antibody (TAGO), and then blocked with 200 \i\ of a diiution buffer [50 mM Tris-HCI, 1 
mM MgClg, 0.1 M NaCI, 0.05% Tween 20, 0.02% NaNg, 1% bovine serum albumin (BSA); pH 7.2]. Each well of the 
plate was added with each of the serial dilutions of the COS-7 cell culture supernatant in which each of the chimeric 

'5 antibodies had been expressed, or added with each of the serial dilutions of each of the chimeric antibodies per se In 
a purified fonn. The plate was incubated at room temperature for 1 hour and washed with PBS-Tween 20. Each well 
of the plate was then added with 1 GO ^.i of a solution of alkaline phosphatase-conjugated goat anti-human IgG antibodies 
(TAGO). After the plate was incubated at room temperature for 1 hour and washed with PBS-Tween 20, each well was 
added with 1 mg/ml of a substrate solution ("Sigma 104", p-nltrophenylphosphoric acid, SIGMA). The solution was 

20 measured on its absorbance at 405 nm using Microplate Reader (Bio Rad) to determine the antibody concentration. 
In this determination, Hu IgGI X Purified (The Binding Site) was used as the standard substance. 

(II) Detenninatlon of antigen-binding ability 

25 [0204] An ELISA plate for the determination of antigen-binding ability was prepared asfoliows. Each weli of a96-well 
ELISA plate was coated with 100 \i\ of a coating buffer supplemented with 1 ng/mi of human PTHrP (1-34) (Peptide 
Research Institute), and then blocked with 200 \i\ of a dilution buffer. Each well was added with each of the serial 
dilutions of the COS-7 cell culture supernatant in which each of the chimeric antibodies had been expressed, or added 
with each of the serial dilutions of each of the chimeric antibodies perse in a purified fomn. After the plate was incubated 

so at room temperature and washed with PBS-Tween 20, each well of the plate was added with 100 \i\ of a solution of 
alkaline phosphatase-conjugated goat anti-human IgG antibodies (TAGO). After the plate was incubated at room tem- 
perature and washed with PBS-Tween 20, each well of the plate was added with 1 mg/ml of a substrate solution ("Sigma 
1 04", p-nilrophenylphosphoric acid, SIGMA). The solution was measured on its absorbance at 405 nm using Microplate 
Reader (Bio Rad). 

35 [0205] As a result, it was found that the chimeric antibodies had an ability to bind to human PTHrP (1 -34) and the 
cloned mouse antibody V-reglons had the correct structures (FIG. 5). It was also found that there was no difference in 
the ability to bind to PTHrP (1-34) between the chimeric antibody with L-chain X chain G-region and the chimeric 
antibody with L-chain k chain C-region. Therefore, the humanized antibody L-chaIn X chain was used for construction 
of the L-chaIn C-region of the humanized antibody 

40 

(6) Estabiishment of CHO cell line capabie of stable production of chimeric antibodies 

[0206] To establish a ceii line capable of producing the chimeric antibodies stably, the above-prepared expression 
plasmlds were Introduced into CHO cells (DXB11). 
45 [0207] Forthe establishment of a cell line capable of producing the chimeric antibodies stably, either of the following 
combinations of the expression plasmlds for CHO cell was used: MBCIHcDNA/pCHOI and MBC1L(X)/neo; and 

MBC1 HcDNA/pCHOI and MBCI L(K)/neo. A CHO cell was co-transfected with the plasmids by electroporatlon using 
Gene Pulser (Bio Rad) as foilows. The expression vectors were separateiy cieaved with a restriction enzyme Pvul to 
give linear DNAs. The resuiting DNAs were extracted with phenoi and chloroform and collected by precipitation with 

50 ethanol. The plasmid DNAs thus prepared were subjected to electroporation. That is, each of the piasmid DNAs (10 
\ig each) was added to 0.8 mi of a cell suspension of CHO cells In PBS(-) (IxlO*" cells/ml). The resulting solution was 
applied with pulses at an electrostatic capacity of 1 ,500V and 25 nF, After 1 0 min. of recovery period at room temper- 
ature, the electroporated cells were suspended in MEM-a medium (GIBCO) containing 10% fetal calf serum (GIBCO). 
The resulting suspension was cultured using three 96-well plates (Falcon) In a CO2 Incubator. On the day following 

55 the cuituring being started, the medium was replaced by a selective medium [ribonucleoslde- or deoxyribonucleoslde- 
free MEM-a medium (GIBCO) containing 1 0% fetal calf serum (GIBCO) and 500 mg/ml of GENETICIN (G41 SSulfate; 
GIBCO)]. From the culture medium, cells Into which the antibody gene was introduced were selected. The selective 
medium is replaced by a fresh one. About two weeks after the medium replacement, the cells were observed under a 
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microscope. When a satisfactory cell growth was observed, the amount of the antibodies produced was determined 
by ELISA as set forth above. Among the cells, those cells which produced a larger amount of antibodies were screened. 
[0208] Then, the culturing of the established cell line capable of stable production of the antibodies was scaled up 
in a roller bottle using ribonucleoside- or deoxyrlbonucleoside-free MEM medium containing 2% Ultra Low IgG fetal 
5 calf serum. On day 3 and day 4 of the culturing, the culture supernatant was collected and then filtered on a 0.2-nm 
filter (Milllpore) to remove cell debris therefrom. 

[0209] Purification of the chimeric antibodies from the CHO cell culture supernatant was performed using POROS 
Protein A Column (PerSeptive Blosystems) on ConSep LC100 (Milllpore) in accordance with the instructions Included 
in the l<it. The purified chimeric antibodies were provided for use as samples forthe determination of neutralizing activity 
10 and for the examination of therapeutic efficacy in hypercalcemic model animals. The concentration and the antigen- 
binding activity of the purified chimeric antibodies were detennlned using the same ELISA system as set forth above. 

[REFERENCE EXAMPLE 4] Construction of humanized antibody 

15 (1) Construction of humanized antibody H-chain 

(i) Construction of humanized H-chain V-region 

[0210] A humanized #23-57-137-1 antibody H-chain was produced by CDR-grafting technique by means of PGR 
20 method. For the production of a humanized #23-57-137-1 antibody H-chain (version "a") having FRs derived from 

human antibody S31679 (NBRF-PDB; Cuisinler, A. M. et al., Eur. J. Immunol., 23, 110-118, 1993), the following six 
PGR primers were used: CDR-grafting primers: MBC1 HGP1 {SEQ ID NO: 23) and MBC1 HGP3 (SEO ID NO: 24) (both 
containing a sense DNA sequence) and MBC1HGP2 (SEQ ID NO: 25) and MBC1HGP4 (SEQ ID NO: 26) (both con- 
taining an antisense DNA sequence), ali of which containing a 15-21 bp compiementary sequence on both terminal 
25 ends thereof; and external primers: MBC1HVS1 (SEQ ID NO:27) and MBC1 HVR1 (SEQ iD NO: 28) having a homoiogy 
to the CDR-grafting primers MBC1HGP1 and MBC1HGP4, respectively 

[0211] The CDR-grafting primers MBC1HGP1, MBC1HGP2, MBC1HGP3 and MBC1HGP4 were separated on an 
urea-denatured polyacrylamlde gel (Molecular Cloning: A Laboratory Manual, Sambrook, et al.. Cold Spring Harbor 
Laboratory Press, 1989), and extracted therefrom by crush-and-soakmethod (Molecular Cloning: A Laboratory Manual, 

so Sambrook, et al., Gold Spring Harbor Laboratory Press, 1989) in the following manner 

[0212] Each of the CDR-grafting primers (1 nmole) was separated on a 6% denatured polyacrylamlde gel to give 
DNA fragments. From the resulting DNA fragments, a DNA fragment having a desired length was identified on a silica 
gel thin plate by irradiation of UV ray and then collected therefrom by crush-and-soak method. The resulting DNA was 
dissolved in 20 ^i of a soiution containing 10 mM Tris-HCI (pH 7.4) and 1 mM EDTA. The PCR reaction was performed 

35 using TaKaRa ExTaq (TakaraShuzo Co., Ltd,). The PGR reaction solution(1 00 .al) comprised 1 (xl of each of the above- 
mentioned CDR-grafting primers MBG1 HGP1 , MBG1 HGP2, MBG1 HGP3 and MBC1 HGP4, 0.25 mM dNTPs and 2.5U 
of TaKaRa Ex Taq in the buffer. The PGR reaction was run for 5 cycles under the conditions: 94° G for 1 min,, 55° G 
for 1 min. and 72° G for 1 min. The resulting reaction solution was added with the external primers MBG1 HVSi and 
MBG1HVR1 (50 pmoies each). Using this reaction mixture, the PCR reaction was run for additional 30 cycles under 

40 the same conditions. The DNA fragment thus amplified was separated by agarose gel electrophoresis on a 4% Nu 
Sieve GTG agarose (FMG Bio, Products). 

[0213] An agarose segment containing a DNA fragment of 421 bp was excised, and the DNA fragment was purified 
therefrom using GENECLEANII Kit (BIO101) in accordance with the instructions Included in the kit. The DNA fragment 
thus purified was precipitated with ethanol and then dissolved In 20 ^,1 of a solution containing 1 0 mM Tris-HCI (pH 7.4) 
45 andl mM EDTA.TheresultlngPCRreactlonmlxturewasusedforsubclonlngoftheDNAfragmentlntoplasmldpUC19 
that had been digested with BamHI and HIndlll, and subsequently the nucleotide sequence of the resulting plasmid 
was detemnined. A plasmid having the correct nucleotide sequence was designated as "hMBCHv/pUCI 9". 

(II) Construction of H-chain V-region of Humanized H-chain cDNA 

50 

[0214] To ligate to cDNA for humanized H-chain G-region Gyl , the DNA for the humanized H-chain V-region con- 
structed in the above step was modified by PGR method. For the PGR method, a backward primer MBG1 HVS2 was 
designed to hybridize to the sequence encoding the 5' region of the leader sequence for the V-region and to have a 
Kozak consensus sequence (Kozaket al., J. Mol. Biol. 196, 947-950, 1987) and Hindlll- and EcoRI-recognition se- 
55 quences; and a fonward primer MBC1HVR2 was designed to hybridize to both the DNA sequence encoding the 3' 
region of the J region and the DNA sequence encoding the 5' region of the C-region and to have Apal- and Smal- 
recognition sequences. 

[0215] The PCR reaction was performed using TaKaRa Ex Taq (Takara Shuzo Co., Ltd.) and a buffer appended 
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thereto. The PGR reaction solution comprised 0.4 \ig of hMBCHv/pUC19 as a DNA template, 50 pmoles of each of 
MBC1 HVS2 and MBC1 HVR2 as primers, 2.5U of TaKaRa ExTaq and 0.25 mM dNTPs in the buffer. The PGR reaction 
was run forSO cycles underthe conditions: 94° C fori min., 55° Cfor 1 min. and 72° Cfor 1 min.The DNA fragment 
thus amplified was separated by agarose gel electrophoresis on a 3% Nu Sieve GTG agarose (FMC Bio. Products). 

5 [0216] A gel segment containing a DNA fragment of 456 bp was excised, and the DNA fragment was purified there- 
from using GENECLEANII Kit (BIO101) in accordance with the instructions included in the kit. The DNA fragment thus 
purified was precipitated with ethanol and then dissolved in 20 ^,1 of a solution containing 1 0 mM Tris-HGI (pH 7.4) and 
1 mM EDTA. The PGR reaction solution thus obtained was used for subcloning of the DNA fragment into plasmid 
pUG19 that had been digested with EcoRI and Smal, and then the resulting plasmid was sequenced. As a result, a 

10 plasmid was obtained which contained a DNA encoding mouse H-chain V-region derived from hybridoma #23-57-1 37-1 
and also contained EcoRI- and Hindlll-recognition sequences and a Kozak sequence on the 5' region and Apal- and 
Smal-recognition sequences on the 3' region, which was designated as "hMBC1Hv/pUC19". 

(2) Gonstruction of expression vector for humanized antibody H-chain 

[0217] Plasmid RVh-PM1f-cDNAcarryingacDNAsequenceforhPM1 antibody H-chain was digested with Apal and 
BamHI to give a DNA fragment containing a DNA fragment containing a DNA encoding the H-chain G-region. The DNA 
fragment was introduced into plasmid hMBC1 Hv/pUCI 9 that had been digested with Apal and BamHI. The obtained 
plasmid was designated as "hMBG1HcDNA/pUC19". This plasmid contained both a DNA encoding the humanized 
20 #23-57-137-1 antibody H-chaIn V-reglon and a DNA encoding the human H-chaIn C-reglon C y 1 and had EcoRI- and 
Hindlll-recognition sequences on the 5' region and a BamHI-recognition sequence on the 3' region. The nucleotide 
sequence and the corresponding amino acid sequence of the liumanized H-chain version "a" carried on the plasmid 
hMBC1HcDNA/pUC19 are shown in SEQ ID NO: 58 and SEQ ID NO: 56, respectively 

[0218] The plasmid hMBCI HcDNA/pUG1 9 was digested with EcoRI and BamHI to give a DNA fragment containing 
25 a DNA encoding the H-chain, The DNAfragment was introduced into expression plasmid pG0S1 that had been digested 
with EcoRI and BamHI. As a result, an expression plasmid for a humanized antibody was obtained, which was desig- 
nated as "hMBCI HcDNA/pG0S1". 

[0219] To produce a plasmid used for expression In a GHO cell, plasmid hMBG1HcDNA/pUG19 was digested with 
EcoRI and BamHI to give a DNA fragment containing a DNA encoding the H-chain. The DNA fragment was introduced 
so into expression vector pGHOI that had been digested with EcoRI and BamHI. As a result, an expression plasmid for 
the humanized antibody was obtained, which was designated as "hMBG1HcDNA/pGH01". 

(3) Construction of L-chain hybrid V-region 

35 (i) Preparation of FR1 ,2/FR3,4 hybrid antibody 

[0220] A gene forthe FR hybrid L-chain having both FRsf rom a humanized antibody and FRs from a mouse (chimeric) 
antibody was constructed, and evaluated each region forthe humanlzatlon. In this step, a hybrid antibody having FR1 
and FR2 both derived from a human antibody and FRS and FR4 both derived from a mouse antibody was prepared 

40 by utilizing the Aflll restriction site located on GDR2. 

[0221] Plasmids MBG1L(X)/neo and hMBG1L(X)/neo (10 jig each) were separately digested in 100 jil of a reaction 
solution containing 10 mM Tris-HGI (pH 7.5), 10 mM MgGlj, 1 mM DTT, 50 mM NaGI, 0.01% (w/v) of BSA and 10 U 
of Aflll (Takara Shuzo Go., Ltd.) at 37° G for 1 hour. The reaction solutions were subjected to electrophoresis on a 2% 
low-melting agarose gel, thereby giving DNA fragments of 6282 bp (referred to as "c1 ") and 1 022 bp (referred to as 

45 "c2") from the plasmid MBG1 L(X)/neo or DNA fragments of 6282 bp (referred to as "hi ") and 1 022 bp (referred to as 
"h2") from the plasmid hMBGI L(^)/neo. These DNA fragments were collected and purified from the gels using GENE- 
CLEANII Kit (BIO101). 

[0222] Each of the c1 and hi fragments (1 (ig each) was BAP-treated. The DNA fragment was extracted with phenol 
and chloroform, collected by ethanol precipitation, and then dissolved in 10. al of a solution containing 10 mM Tris-HGI 

50 (pH 7.4) and 1 mM EDTA. 

[0223] The BAP-treated c1 and hi DNA fragments (1 jii each) were ligated to the h2 and c2 DNA fragments (4 ^Ll 
each), respectively, (at 4° G overnight). Each of the ligation products was introduced into a competent cell of E. coll, 
JM1 09, to form a transformant. The transformant was cultured in 2 ml of 2xYT medium containing 50 [xg/ml of ampicillin. 
From the cell fraction, the plasmid was purified using QIAprep Spin Plasmid Kit (QIAGEN). 

55 [0224] The purified plasmid was digested in 20 \i\ of a reaction solution containing 1 0 mM Tris-HGI (pH 7.5), 1 0 mM 
MgCij, 1 mM DTT, and either 2U of ApaLI (Takara Shuzo Co., Ltd.) or 8U of BamHI (Takara Shuzo Co., Ltd.) and 
Hindlll (Takara Shuzo Go. , Ltd.) at 37° G for 1 hour. It was expected that if the c1 -h2 was ligated correctly, this digestion 
reaction would give fragments of 5560/1246/498 bp (by the ApaLI digestion) or fragments of 7134/269 bp (by the 
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BamHI/Hindlll digestion). Based on this expectation, the desired plasmids were identified. 

[0225] The expression vector encoding the human FR1 ,2/mouse FR3,4 hybrid antibody L-chain was designated as 
"h/mlVIBC1L(X)/neo". On the other hand, since a clone for the h1-c1 could not be obtained, recombination on a pUC 
vector was performed and then the resulting recombinant product was cloned into a HEF vector. In this procedure, 
5 plasmid hMBC1 LaX./pUC1 9, which contained DNA encoding a humanized antibody L-chain V-region without any amino 
acid replacements, and plasmid hMBC1 Ld X/pUC1 9, which contained a DNA encoding a humanized antibody L-chain 
V-region with an amino acid replacement at the 91 -position amino acid tyrosine in FR3 (i.e., the 87th amino acid in 
accordance with The Kabat's prescription) by isoleucine, were used as templates. 

[0226] Plasmids MBC1L(l)/pUC1 9, hMBCHa XypUCI 9 and hMBCILdX/pUCI 9 (10^l each) were separately digest- 
10 ed In 30 [il of a reaction solution containing 10 mM Tris-HCI (pH 7.5), 10 mM MgClg, 1 mM DTT, 50 mM NaCI, 0.01% 
(w/v) of BSA, 1 6U of Hindlll and 4U of Aflll at 37° C for 1 hour The reaction solutions were separately subjected to 
electrophoresis on a 2% low-melting agarose gel thereby giving a DNA fragment of 215 bp from plasmid MBCIL(X)/ 
pUC1 9 (referred to as "c2"') and a DNA fragment of 3218 bp from each of plasmids hMBCILa X/pUC19 and hMBCILd 
XypUC19(referredtoas"ha1"'and"hd1"', respectively). These DNA fragments were collected and purified using GENE- 
'S CLEANIIKIt(BIO101). 

[0227] Each of the hal' and hdl' fragments was ligated to the c2' fragment and then introduced Into a competent cell 
of E. coli, JIVII 09, to form a transformant. The transfonnant was cultured in 2 ml of 2xYT medium containing 50 ng/ml 
of amplclllin. From the cell fraction, the plasmid was purified using QIAprep Spin Plasmid Kit (QIAGEN). The plasmids 
thus prepared were designated as "m/hMBC1 La ^pUC19" forthe hal' fragment-containing plasmid and "m/hMBC1 Ld 

20 AypUCI 9" for the hdl' fragment-containing plasmid. 

[0228] Each of the obtained plasmids m/hMBCILa ^pUC19 and m/hMBCILd A/pUC19 was digested with EcoRI. 
The DNA fragment of 743 bp was electrophoresed on a 2% low-melting agarose gel, and then collected and purified 
therefrom using GENECLEANII Kit (BI01 01). The resulting DNAfragmentwas dissolved in 20^,1 of asolution containing 
10 mM Tris-HCI (pH 7,4) and 1 mM EDTA. 

25 [0229] Each of the DNA fragments (4 nl each) was ligated to the above-obtained BAP-treated HEF vector (1 jxl). The 
ligation product was introduced into a competent cell of E, coll , JM109, to form a transformant. The transformant was 
cultured in 2 ml of 2xYT medium containing 50 (xg/ml of ampicillin. From the cell fraction, the plasmid was purified using 
QIAprep Spin Plasmid Kit (QIAGEN). 

[0230] Each of the purified plasmids was digested In 20 ^.1 of a reaction solution containing 20 mM Tris-HCI (pH 8.5), 
30 10 mM MgClg, 1 mM DTT, 100 mM KCI, 8U of Hindlll (Takara Shuzo Co., Ltd.) and 2U of Pvul (Takara Shuzo Co., 
Ltd.) at 37° C for 1 hour. It was expected that if the DNA fragment was inserted in the plasmid In a correct orientation, 
this digestion would give digestion fragments of 51 04/21 95 bp, whereas if the DNA fragment Is inserted in the plasmid 
in the reverse orientation, this digestion would give digestion fragments of 4378/2926 bp. The plasmid DNA was iden- 
tified based on the expectation. The plasmids thus obtained were expression vectors encoding mouse FR1 ,2/human 
35 FR3,4 hybrid antibody L-chain, which were designated as expression vectors "m/hMBC1 La X/neo" and "m/hMBC1 Ld 
Ay neo", respectively. 

(II) Preparation of FR1/FR2 hybrid antibody 

40 [0231] An FR1/FR2 hybrid antibody was prepared in the same manner as set forth above utilizing a SnaBI restriction 
site located on CDR1. 

[0232] Plasmids MBC1 L(X)/neo and h/mMBC1 L(X)/neo (1 0 p,g each) were separately digested In 20 ^1 of a reaction 
solution containing 10 mM Tris-HCI (pH 7.9), 10 mM MgClg, 1 mM DTT, 50 mM NaCI, 0.01% (w/v) of BSA and 6U of 
SnaBI (Takara Shuzo Co., Ltd.) at 37° C for 1 hour. The resulting reaction solutions were further digested In 50 \i\ of 
45 a reaction solution containing 20 mM Tris-HCI (pH 8.5), 10 mM MgClg, 1 mM DTT, 100 mM KCI, 0.01% (w/v) of BSA 
and 6U of Pvul at 37° C for 1 hour. 

[0233] The resulting reaction solutions were separately subjected to electrophoresis on a 1 .5% low-meiting agarose 
gel, thereby giving DNA fragments of 4955 bp (ml) and 2349 bp (m2) from the plasmid MBG1L(X)/neo and DNA 
fragments of 4955 bp (hml) and 2349 bp (hm2) from the plasmid h/mMBCI L(X)/neo. These DNA fragments were 
50 collected and purified from the gels using GENECLEANII Kit (BIO101). Each of the DNA fragments obtained was 
dissolved In 40 \l\ of a solution containing 10 mM Tris-HCI (pH 7.4) and 1 mM EDTA. 

[0234] The ml and hml fragments (1 [xl each) were ligated to the hm2 and m2 fragments (4 |xi each), respectively 
Each of the resulting ligation products was Introduced into a competent cell of E. coli, JM109, to form a transformant. 
The transformant obtained was cultured in 2 ml of 2xYT medium containing 50 (xg/ml of ampicillin. From the cell fraction, 
55 the plasmid was purified using QIAprep Spin Plasmid Kit QIAGEN). 

[0235] Each of the purified plasmids was digested In 20 \i\ of a reaction solution containing 1 0 mM Tris-HCI (pH 7.5), 
1 0 mM MgClg, 1 mM DTT and either 8U of Apal (Takara Shuzo Co., Ltd.) or 2U of ApaLI (Takara Shuzo Co., Ltd.) at 
37° C for 1 hour. 
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[0236] It was expected that if the fragments were ligated correctly, the digestion reaction would give a fragment of 
7304 bp (by the Apal digestion) or fragments of 5560/1246/498 bp (by the ApaLI digestion) for m1-hm2, and would 
give fragments of 6538/766 bp (by the Apal digestion) or fragments of 3535/2025/1 246/498 bp (by the ApaLI digestion) 
for hm1-m2. Based on this expectation, the plasmids were identified. As a result, an expression vector encoding a 
5 human FRI/mouse FR2,3,4 hybrid antibody L-chain (designated as "hmmMBCI L(X)/neo") and an expression vector 
encoding a mouse FRI/human FR2/mouse FR3,4 hybrid antibody L-chain (designated as "mhmMBCI L(X,)/neo") were 
obtained. 

(4) Construction of humanized antibody L-chaIn 

10 

[0237] A liumanlzed #23-57-137-1 antibody L-chaIn was prepared by CDR-grafting technique by means of PGR 
method. For the preparation of a humanized #23-57-1 37-1 antibody L-chaIn (version "a") that contained FR1, FR2 and 
FR3 derived from human antibody HSU03868 (GEN-BANK, Deftos M. et al., Scand. J. Immunol., 39, 95-103, 1994) 
and FR4 derived from human antibody S25755 (NBRF-PDB), six PGR primers were used. 

15 [0238] The six primers were as foiiows: GDR-grafting primers IVIBC1 LGP1 (SEQ ID NO: 29) and MBG1 LGP3 (SEQ 
ID NO; 30), both having a sense DNA sequence, CDR-grafting primers IVIBC1 LGP2 (SEQ ID NO: 31) and MBC1 LGP4 
(SEQ ID NO: 32), both having an antisense DNA sequence, all of which had a 15-21 bp complementary sequence on 
the both tenninal ends; and extemal primers IVIBCILVSI (SEQ ID NO: 33) and IVIBC1LVR1 (SEQ ID NO: 34) having 
a homology to the CDR-grafting primers MBG1 LGP1 and MBG1 LGP4, respectively. 

20 [0239] The GDR-grafting primers IVIBG1 LGP1 , MBG1 LGP2, MBC1 LGP3 and MBG1 LGP4 were separated on a urea- 
denatured polyacrylamide gel (Molecular Cloning: A Laboratory Manual, Sambrook et al.. Cold Spring Harbor Labo- 
ratory Press, 1989) and extracted therefrom by cmsh-and-soak method (Molecular Cloning: A Laboratory Manual, 
Sambrook et al.. Cold Spring Harbor Laboratory Press, 1989). 

[0240] Each of the CDR-grafting primers (1 nmole each) was separated on a 6% denatured polyacrylamide gel. The 
25 identification of the DNA fragment of a desired length was performed on a silica gel thin plate by irradiation of UV ray. 
The desired DNA fragment was collected from the gel by crush-and-soak method. The collected DNA fragment was 
dissolved In 20 ^,1 of a solution containing 10 mM Tris-HCI (pH 7.4) and 1 mM EDTA. 

[0241] The PGR reaction was perfonned using TaKaRa Ex Taq (Takara Shuzo Co., Ltd.) and a buffer appended 
thereto. The PGR reaction solution comprised (per 100 jil) 1 |il of each of the GDR-grafting primers MBG1LGP1, 

30 MBG1 LGP2, MBG1 LGP3 and MBG1 LGP4, 0.25 mM dNTPs, 2.5U of TaKaRa Ex Taq in the buffer. The PGR reaction 
was run for 5 cycles under the conditions: 94° G for 1 min., 55° Gfor 1 min. and 72° G for 1 min. The resulting reaction 
mixture was added with 50 pmoles of each of the external primers MBG1 LVS and MBC1 LVR1 . Using this reaction 
mixture, the PGR reaction was run for additional 30 cycles underthe same conditions. The DNAfragmentthus amplified 
was separated by agarose gel electrophoresis on a 3% Nu Sieve GTG agarose (FMC Bio. Products), 

35 [0242] An agarose segment containing a DNA fragment of 421 bp was excised, and the DNA fragment was purified 
therefrom using GENECLEANII Kit (BIO101) In accordance with the Instructions included In the kit. The PGR reaction 
mixture thus obtained was used for subcloning of the DNA fragment Into plasm Id pUCI 9 that had been digested with 
BamHI and Hindlll. The resulting plasmid was sequenced. The plasmid thus prepared was designated as "hMBCL/ 
pUC19", In this plasmid, however, the 104-posltlon amino acid (corresponding to the 96th amino acid in accordance 

40 with the Kabat's prescription) of CDR4 was replaced by arglnine. For the correction of this amino acid to tyrosine, a 
correction primer MBC1 LGP1 OR (SEQ ID NO: 35) was designed and synthesized. The PGR reaction was performed 
using TaKaRa Ex Taq (Takara Shuzo Co., Ltd ) and a buffer appended thereto. The PGR reaction solution comprised 
(per 100 |j,l) 0,6 .ag of the plasmid hMBCL/pUC19 as a template DNA, 50 pmoles of each of the primers MBG1LUS1 
and MBC1LGP10R, 2.5U of TaKaRa Ex Taq (Takara Shuzo Co., Ltd.) and 0.25 mM dNTPs In the buffer, over which 

45 mineral oil (50 (xl) was layered. The PGR reaction was run for 30 cycles under the conditions: 94° G for 1 min., 55° G 
for 1 min. and 72° G for 1 min. The DNA fragment thus amplified was separated by agarose gel electrophoresis on a 
3% Nu Sieve GTG agarose (FMC Bio. Products). 

[0243] A gel segment containing a DNA fragment of 421 bp was excised, and the DNA fragment was purified there- 
from using GENECLEANII Kit (BI01 01 ) in accordance with the instructions Included In the kit. The PGR reaction mixture 
50 thus prepared was used for subcloning of the DNA fragment into plasmid pUC19 that had been digested with BamHI 
and Hindlll. 

[0244] The plasmid was sequenced using Ml 3 Primer M4 and Ml 3 Primer RV. As a result, It was confirmed that the 
plasmid had the correct sequence. The plasmid was then digested with Hindlll and BInl, and a DNA fragment of 416 
bp was separated by electrophoresis on a 1% agarose gel. The DNA fragment was purified using GENECLEANII Kit 
55 (BiOIOI) In accordance with the Instructions included In the kit, and then Introduced Into plasmid C>./pUC1 9 that had 
been digested with HIndiii and Bini. The resulting plasmid was designated as "hMBCI La X/pUCI 9". This plasmid was 
digested with EcoRI to give a DNA fragment encoding humanized L-chain. The DNA fragment was introduced into 
plasmid pCOS 1 so that the initiation codon forthe humanized L-chain was located downstream to the EF1 a promoter 
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The plasmid thus obtained was designated as "hIVIBCI La A/pC0S1 ". The DNA sequence (including the corresponding 
amino acid sequence) of the humanized L-chain version "a" is shown in SEQ ID NO: 66. The amino acid sequence of 
the version "a" is also shown in SEQ ID NO: 47. 

[0245] A humanized L-chain version "b" was prepared using mutagenesis by PGR method. The version "b" was 

5 designed such that the 43-position amino acid glycine (corresponding to the 43th amino acid in accordance with the 
Kabat's prescription) was replaced by proline and the 49-position amino acid lysine (corresponding to the 49th amino 
acid accordance with the Kabat's prescription) by aspartic acid in the version "a". The PGR reaction was performed 
using plasmid hIVIBG 1 La A/pUC1 9 as a template and a mutagenic primer MBG1 LGP5R (SEQ ID NO: 36) and a primer 
MBC1LUS1. The DNA fragment obtained was digested with BamHI and HIndlll, and the digestion fragment was sub- 

10 cloned into the BamHI-Hlndlll site of pUC19. After sequencing, the plasmid was digested with HIndlll and Af1ll, and 
the resulting digestion fragmentwasligated to plasmid hMBC1 La X./pUC1 9 that had been digested with HIndlll and Af II I. 
[0246] The thus obtained plasmid was designated as "hMBCILb X/pUC19". This plasmid was digested with EcoRI 
to give a DNA fragment containing a DNA encoding the humanized L-chain. The DNA fragment was Introduced Into 
plasmid pGOS I such that the initiation codon forthe humanized L-chain was located downstream to the EF1 a promoter. 

'5 The plasmid thus obtained was designated as "hIVIBCI Lb A/pCOSI ". 

[0247] A humanized L-chain version "c" was prepared using mutagenesis by PGR method. The version "c" was 
designed such that the B4-position amino acid serine (corresponding to the 80th amino acid in accordance with the 
Kabat's prescription) was replaced by proline. The PGR reaction was performed using plasmid hMBCILa A,/pUC19 
as atemplate and a mutagenic primer MBG1 LGP6S (SEQ ID NO: 37) and a primer l\^13 Primer RV. The DNA fragment 

20 obtained was digested with BamHI and HIndlll and then subcloned Into pUG19 that had been digested with BamHI 
and HIndlll. 

[0248] After sequencing, the plasmid was digested with BstPI and Aor51 HI, and the resulting DNA fragment was 
ligated to plasmid hMBCI La A/pUCI 9 that had been digested with BstPI and Aor51 HI. The plasmid thus obtained was 
designated as "hMBCI Lc X/pUCI 9", This plasmid was digested with EcoRI to give a DNA fragment containing a DNA 
25 encoding the humanized L-chain. The fragment was introduced Into the EcoRI site of plasmid pCOS 1 such that the 
initiation codon forthe humanized L-chain was located downstream to the EF1 a promoter. The plasmid thus obtained 
was designated as "hMBCI Lc VpCOSI ". 

[0249] Humanized L-chain versions "d", "e" and "f" were also prepared using mutagenesis by PGR method. The 
versions "d", "e" and "f" were, designed such that the 91 -position amino acid tyrosine (corresponding to the 87th amino 

30 acid in accordance with the Kabat's prescription) was replaced by isoleuclne In the versions "a", "b" and "c", respectively 
For each of the versions "d", "e" and "f", a PGR reaction was performed using each of plasmid hMBG1 La >/pG0S1 
(for version "d"), hMBCILb X /pGOS 1 (for version "e") and hIVIBGILc ^pG0S1 (for version "f"), respectively, as a 
template, a mutagenic primer MBG1 LGP11 R (SEQ ID NO: 38) and a primer M-S1 (SEQ ID NO: 44). The DNA fragment 
thus obtained was digested with BamHI and HIndlll and then subcloned Into pUG1 9 that had been digested with BamHI 

35 and Hindlll. After sequencing, the plasmid was digested with Hindlll and Blnl, and the resulting digestion fragment was 
ligated to plasmid C A/pUCIG that had been digested with Hindlll and Blnl. 

[0250] The thus obtained plasmids were respectively designated as "hMBCI Ld X/pUC19" (for version "d"), 
"hMBCI Le A/pUCIQ" (for version "e") and "hMBCILf X/pUC19" (for version "f"). Each of these plasmids was digested 
with EcoRI to give a DNA fragment containing a DNA encoding the humanized L-chain. The DNA fragment was intro- 

40 duced into the EcoRI site of plasmid pGOSI such that the initiation codon for the humanized L-chain was located 
downstream to the EF1a promoter of the plasmid. The plasmids thus obtained were respectively designated as 
"hMBCI Ld X/pCOSI" (for version "d"), "hMBCI LeWpGOSI" (for version "e") and "hMBCI LfXypCOSI" (for version "f). 
[0251 ] Humanized L-chain versions "g" and "h" were also prepared using mutagenesis by PGR method. The versions 
"g" and "h" were designed such that the 36-posltlon amino acid histldlne (corresponding to the 36th amino acid in 

45 accordance with the Kabat's prescription) was replaced by tyrosine In the versions "a" and "d", respectively. The PGR 
reaction was performed using a mutagenic primer MBC1LGP9R (SEQ ID NO: 39), M13 Primer RV and plasmid 
hMBCI La X/pUC19 as atemplate. An additional PGR was perfonned using the PGR product thus obtained and M13 
Primer M4 as primers and plasmid hMBCI La X/pUC1 9 as a template. The DNA fragment obtained was digested with 
Hindlll and Blnl and then subcloned into plasmid CX/pUC19 that had been digested with HIndlll and Blnl. Using this 

50 plasmid as a template, a PGR reaction was performed using primers MBC1 LGP13R (SEQ ID NO: 40) and MBC1 LVS1 . 
The PGR fragment obtained was digested with Apal and Hindlll and then introduced into either of plasmids hMBCI La 
A/pUCI 9 and hMBCI LdX/pUCt 9 that had been digested with Apal and Hindlll. The plasmids obtained were sequenced. 
Plasmids that were confirmed to contain the con-ect sequence were designated as "hMBCI Lg X/pUCI 9" (for version 
"g") and "hMBCI Lh XypUCI 9" (for version "h"). Each of these plasmids was digested with EcoRI to give a DNA fragment 

55 containing a DNA encoding the humanized L-chain. The DNA fragment was Introduced Into the EcoRI site of plasmid 
pG0S1 such that the Initiation codon for the humanized L-chaIn was located downstream to the EF1 a promoter. The 
plasmids thus obtained were respectively designated as "hMBCI LgA, /pGOSI" (for version "g") and "hMBCI Lh U 
pCOSI" (for version "h"). 
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[0252] Humanized L-chain versions "i", "j'', "k", "i", "m", "n" and "o" were also prepared using mutagenesis by PGR 
method. The PGR reaction was performed using plasmid hIVIBGI La AypUCI 9 as a template and a mutagenic primer 
MBC1LGP14S (SEQ ID NO: 41) and a primer V1RV (X) (SEQ ID NO: 43). The resulting DNA fragment was digested 
with Apal and BInl and then subcloned into plasmid hMBCILg >/pUC19 that had been digested with Apal and BInl. 
The obtained plasmid was sequenced, and the clone into which the mutation for each version was Introduced was 
selected. The thus obtained plasmid was designated as "hMBG1 Lx X/pUG 1 9 (x=i, j, k, I, m, n or o)". This plasmid was 
digested with EcoRI to give a DNA fragment containing a DNA encoding the humanized L-chain. The DNA fragment 
was introduced into the EcoRI site of plasmid pCOSI such that the initiation codon for the humanized L-chain was 
located downstream of the EF1 a promoter. The thus obtained piasmid was designated as "hIVIBGILx X/pC0S1" (x = 
IJ, k, I, m, n oro). The DNA sequences (Including the corresponding amino acid sequences) of the versions "j", "I", "m" 
and "o" are shown in SEQ ID i\10s: S7, 68 69 and 70, respectively. The amino acid sequences of these versions are 
also shown in SEQ ID Nos: 48, 49 50 and 51 , respectively. 

[0253] Humanized L-chain versions "p" "q", "r", "s" and "t" were designed such that the 87-posilion amino acid 
(tyrosine) was replaced by isoleucine in the versions "i", "j", "m", "1" and "o", respectively. These versions were prepared 
utilizing an Aor51 Ml restriction site on FR3 and replacing that site of each of the versions "i", "j", "m", "I" or "o" by that 
site of the version "h". That is, an AorSIHI restriction fragment (514 bp) containing CDR3, a part of FR3 and the entire 
FR4 were removed from an expression plasmid hMBGI Lx A/pGOSI (x = i, j, m, I or o). To the removed site, an Aor51 H I 
restriction fragment (514 bp) in the expression plasmid hMBGI Lh X/pCOS, which containing CDR3 and a part of FR3 
and the entire FR4, was ligated, so that the 91 -position amino acid tyrosine (corresponding to the 87th amino acid in 
accordance with the Kabat's prescription) was replaced by isoleucine. The resulting plasmid was sequenced. A clone 
of each of the versions "i", "j", "m" "I" and "o" In which 91 -position amino acid tyrosine (corresponding to the 87th amino 
acid in accordance with the Kabat's prescription) was replaced by isoleucine was selected. These modified versions 
respectively corresponding to the versions "i", "j", "m" "1" and "o" were designated as versions "p", "q", "s", "r" and "t", 
respectively. The obtained plasmid was designated as "hMBGI Lx X/pCOSI (x =p, q, s, r or t). The DNA sequences 
(Including the corresponding amino acids) of the versions "q", "r", "s" and "t" are shown in SEQ ID Nos: 71 , 72, 73 and 
74, respectively. The amino acid sequences of these versions are also shown In SEQ ID Nos: 52, 53, 54 and 55, 
respectively. 

[0254] Plasmid hMBGI Lq X /pGOSI was digested with HIndlll and EcoRI and then subcloned Into plasmid pUG19 
that had been digested with Hindi 11 and EcoRI. The plasmid thus obtained was designated as "hMBG1Lq>ypUC19. 
[0255] The positions of the replaced amino acids in the individual versions of the humanized L-chain are shown in 
Table 2 below. 



Table 2 
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Table 2 (continued) 



Versions 


36 


43 


45 


47 


49 


80 


87 


q 


Y 




K 




D 








Y 








D 






s 


Y 




K 


V 


D 






t 


Y 






V 


D 






In Table 2, capital let 
aspartic acid; and 1: Isole 


ers represen 
cine. 


the following amino acids: Y: tyrosine; P: proline; K: lysine, V: valine; D: 



[0256] E. constrains eacli containing plasmids liiVlBC1HcDNA/pUC19 and hi\/IBC1Lq>./pUC19 were designated as 
"Escherichia coli JM109 (hMBC1HcDNA/pUC19)" and "Escherichia coil JM109 (hIVlBCILq I/pUC19)", respectively 
15 which have been deposited under the terms of Budapest Treaty at the National Institute of Bioscience and Human- 
Technology Agency of Industrial Science and Technology, Japan, (1 -3, HIgash1 1 -chome, Tsukuba-shi, IbarakI, Japan) 
on August 15, 1996, under the accession No. PERM BP-5629 for Escherichia coll JM109 (hiVIBCI HcDNA/pUC19), 
and PERM BP-5630 for Escherichia coil JM109 (hMBCILq X/pUC19). 

20 (5) Transfectlon Into COS-7 cell 

[0257] For the evaluation of the antigen-binding activity and the neutralizing activity of the hybrid antibodies and the 
humanized #23-57-137-1 antibodies, the above-prepared expression plasmids were expressed transiently in COS-7 
ceils. For the transient expression of the L-chain hybrid antibodies, each of the following combinations of plasmids 

25 were co-transfected Into a COS-7 cell by electroporatlon using Gene Pulser (Bio Rad): hMBC1 HcDNA/pCOSI and h/ 
mMBC1L(X)/neo; hMBCIHcDNA/pCOSI and m/hMBCILa A/neo; hMBCIHcDNA/pCOSI and m/hMBCILd Ayneo; 
hMBC1HcDNA/pC0S1 and hmmiVIBC1L(A,)/neo; and hMBCIHcDNA/pCOSI and mhmMBCI L(A)/neo, That Is, a ceil 
suspension (0.8 mi) of COS-7 cells in PBS(-) (1x10^ ceiis/mi) was added with each combination of theplasmid DNAs 
(1 0 (xg each). The resulting solution was applied with pulses at an electrostatic capacity of 1 ,500V and 25 ^F. After 1 0 

so min. of recovery period at room temperature, the electroporated ceils were suspended In DMEM medium containing 
2% Ultra Low IgG fetal calf serum (GIBCO), and then cultured using a 10-cm culture dish in a CO2 Incubator. After 
cuituring for 72 hours, a culture supernatant was collected and centrifuged to remove cell debris. The solutions thus 
prepared were provided for use In the ELISA below. 

[0258] For the transient expression of the humanized #23-57-137-1 antibodies, plasmids of hMBCI HcDNA/pC0S1 
35 and hMBCI Lx l/pCOSi (x = a-t) were co-transfected into a COS-7 cell using Gene Pulser (Bio Rad) In the same 
manner as described for the above hybrid antibodies. The culture supernatants were prepared and provided for use 
in the ELISA below. 

[0259] The purification of the hybrid antibodies and the humanized antibodies from the COS-7 cell culture superna- 
tants was perfonned using AfflGel Protein A MAPSII Kit (Bio Rad) In accordance with the Instructions included in the kit. 

40 

(6) ELISA 

(I) Determination of antibody concentration 

45 [0260] An ELISA plate for determining antibody concentration was prepared as follows. Each well of a 96-weii ELISA 
plate (Maxisorp, NUNC) was coated with 100 ^1 of a coating buffer (0,1 M NaHCOg, 0,02% NaNg) containing 1 ng/ml 
of goat anti-human IgG antibody (TAGO) and then blocked with 200 [i\ of a dilution buffer [50 mM TrIs-HCi, 1 mM 
iVlgCij, 0.1 M NaCi, 0,05%Tween 20, 0,02% NaNg, 1% bovine serum albumin (BSA); pH 7.2]. Each of the wells was 
added with each of the serial dilutions of the COS cell culture supernatant In which each of the hybrid antibodies and 

50 the humanized antibodies was expressed, or added with each of the serial dilutions of each of the hybrid antibodies 
and humanized antibodies In a purified form. The plate was Incubated at room temperature for 1 hour and washed with 
PBS-Tween 20. Subsequently each of the wells was added with 1 00 jil of alkaline phosphatase-conjugated goat anti- 
human IgG antibody (TAGO). The plate was incubated at room temperature for 1 hour and washed with PBS-Tween 
20. Subsequently, each of the wells was added with 1 mg/ml of a substrate solution ("Sigma 1 04", p-nltrophenylphos- 

55 phoric acid, SIGI\^A). The solution In each well was measured on Its absorbance at 405 nm using MIcroplate Reader 
(Bio Rad) to determine the antibody concentration. In this detemlnatlon, Hu IgGIA, Purified (The Binding Site) was 
used as the standard substance. 



31 



APPEAL BRIEF Serial No. 10/520,085 



Evidence Appendix (i) - Page 32 of 92 



EP1 197 225 A1 

(ii) Determination of antigen-binding ability 

[0261 ] An ELISA plate for determining antigen-binding ability was prepared as follows. Each well of a 96-well ELISA 
plate (Maxisorp, NUNC) was coated with 100 |j,l of a coating buffer containing 1 ng/ml of human PTHrP (1-34) and 

5 then blocked with 200 nl of a dilution buffer. Subsequently, each well was added with each of the serial dilutions of the 
COS-7 cell culture supernatant in which each of the hybrid antibodies and humanized antibodies was expressed, or 
added with each of the serial dilutions of each of the hybrid antibodies and humanized antibodies in a purified form. 
The plate was Incubated at room temperature and washed with PBS-Tween 20. Subsequently, each well was added 
with 100 ii\ of alkaline phosphatase-conjugated goat anti-human IgG antibody (TAGO). The plate was incubated at 

10 room temperature and washed with PBS-Tween 20. Subsequently, each well was added with 1 mg/ml of a substrate 
solution ("Sigma 104", p-nltrophenylphosphoric acid, SIGMA). The solution was measured on its absorbance at 405 
nm using MIcroplate Reader (Bio Rad). 

(7) Confirmation of activities 

(i) Evaluation of humanized H-chain 

[0262] It was found that an antibody having both a humanized H-chain version "a" and a chimeric L-chain exhibited 
the same level of PTHrP-bindIng activity as that of a chimeric antibody This result suggests thatthe version "a" achieves 
20 the humanizatlon of the H-chain V-reglon In the degree enough to evaluate the humanlzatlon. Therefore, the humanized 
H-chain version "a" was provided for use as a humanized antibody H-chain in the following experiments. 

(ii) Activity of hybrid antibodies 

25 (ii-a) FR1 ,2/FR3,4 hybrid antibody 

[0263] When the L-chain was h/mMBC1L(X), no antigen-binding activity was observed. In contrast, when the L-chain 
was either m/hMBCILa X or m/hMBCILdX, the same level of antigen-binding activity as that of the chimeric 
#23-57-137-1 antibody was observed (FIG. 7). These results suggest that FR3 and FR4 have no problem as humanized 
so antibodies but FR1 and FR2 contain amino acid residue(s) that need to be replaced. 

(ii-b) FR1/FR2 hybrid antibody 

[0264] When the L-chaIn was mhmMBC1L(A,), no antigen-binding activity was observed. In contrast, when the L- 
35 chain was hmmMBCI L(A.), the same level of antigen-binding activity as that of the chimeric #23-57-137-1 antibody 
was observed (FIG. 8). These results suggest that FR1 has no problem as a humanized antibody but FR2 contains 
amino acid residue(s) that need to be replaced. 

(Ill) Activity of humanized antibodies 

40 

[0265] The antigen-binding activity of the humanized antibodies having the L-chaIn versions "a" to T, respectively, 
were determined. As a result. It was found that the humanized antibodies having the L-chain versions "j", "I" "m", "o", 
"q", "r", "s" and "t" exhibited the same levels of PTHrP-bindIng activity as that of the chimeric antibody. 

45 (8) Establishment of CHO cell line capable of stable production of antibody 

[0266] For establishing a cell line capable of stable production of humanized antibodies, each of the above-prepared 
expression plasmlds was introduced Into a CHO ceil (DXBH). 

[0267] That Is, the establishment of a ceii line capable of stable production of a humanized antibody was performed 
50 using each of the foiiowing combinations of plasmids as expression vectors for a CHO cell; hMBCI HcDNA/pCHOI 
and hMBCI Lm A/pCOSI ; hMBCI HcDNA/pCHOi and hMBCI LqWpCOSI ; and hMBCI HcDNA/pCHOi and hMBCI Lr 
A/pCOSi . The plasmlds were co-transfected Into a CHO cell by electroporatlon using Gene Pulser (Bio Rad). Subse- 
quently, the expression vectors were separately cleaved with restriction enzyme Pvul to give linear DNA fragments. 
The resulting DNA fragments were extracted with phenol and chloroform and then precipitated with ethanol. The DNA 
55 fragments thus prepared were used in the subsequent electroporatlon. That Is, the plasmid DNA fragments (10 ng 
each) were added to 0.8 ml of a cell suspension of CHO cells In PBS(-) (1x10'' cells/ml). The resulting solution was 
applied with pulses at an electrostatic capacity of 1 ,500V and 25 \iF. After 1 0 min. of recovery period at room temper- 
ature, the cells thus treated were suspended In MEM- a medium (GIBCO) containing 10% fetal calf serum (GIBCO), 
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and then cultured in a COg incubator using 96-well plates (Falcon). On the day following the culturing being started, 
the medium was replaced by ribonucleoside- or deoxyribonucleoside-free MEM- a selective medium containing 1 0% 
fetal calf serum (GIBCO) and 500 mg/ml of GENETICIN (G418Sulfate; GIBCO). From the culture medium, cells into 
which the antibody gene was introduced were selected. The culture medium was replaced by a fresh one. About two 
weeks after the medium replacement, the cells were observed microscopically. When a satisfactory cell growth was 
observed, the amount of the antibodies produced was detennined by conventional ELISA for determination of antibody 
concentration as set forth above. Among the cells, those cells which produced a larger amount of antibodies were 



[0268] The culturing of the established cell line capable of stable production of antibodies was scaled up in a roller 
bottle using a ribonucleoside- or deoxyribonucleoslde-free MEM-a medium containing 2% Ultra Low IgG fetal calf 
serum. On each of day 3 and day 4 of the culturing, the culture supernatant was collected and filtered on a 0.2-jim 
filter (Milllpore) to remove cell debris therefrom. The purification of the humanized antibodies from the culture super- 
natant of the CHO cells was performed using POROS Protein A Column (PerSeptive Biosystems) on ConSep LC100 
(Mlllipore) in accordance with the appended instructions. The humanized antibodies were provided for use in the de- 
termination of neutralizing activity and examination of pharmacological efficacy In hypercalcemic model animals. The 
concentration and the antigen-binding activity of the purified humanized antibodies were determined by the ELISA 
system as set forth above. 

[REFERENCE EXAMPLE 5] Detennlnation of neutralizing activity 

[0269] The determination of neutralizing activity of the mouse antibodies, the chimeric antibodies and the humanized 
antibodies was performed using rat myeloma cell line R0S1 7/2.8-5 cells. The R0S1 7/2.8-5 cells were cultured In 
Ham'S F-12 medium (GIBCO) containing 10% fetal calf serum (GIBCO) In a COj incubator. The ROS17/2.8-5 cells 
were seeded into each well of a 96-well plate at a density of 1 0-* cells/1 00 ^I/well and cultured for one day. After the 
culturing was completed, the culture medium was replaced by Ham'S F-12 medium (GIBCO) containing 4 mM Hydro- 
cortisone and 1 0% fetal calf serum. After culturing for three to four days, the cultured cells were washed with 260 |xl 
of Ham'S F-12 medium (GIBCO), and then added with 80|xl of Ham's F-12 medium containing 1 mM isobutyl-1 -methyl 
xanthine (IBMX, SIGMA), 10% fetal calf serum and 10 mM HEPES. The resulting mixture was Incubated at 37° C for 
30 min, 

[0270] The culture mediums of the mouse antibodies, the chimeric antibodies and the humanized antibodies to be 
tested for neutralizing activity were previously diluted serially in the following dilution series: [10 jig/ml, 3.3 jig/ml, 1.1 
ng/ml and 0.37 ng/ml], [10 (xg/ml, 2 jxg/ml, 0.5 jig/mi and 0.01 ng/ml] and [10 jig/mi, 5 ng/ml, 1 .25 jxg/ml, 0.63 jig/mi 
and 0.31 p.g/ml]. Each of the diluted antibody sample solutions was mixed with an equivalent amount of 4 ng/ml of 
PTHrP (1 -34). The resulting mixed solution (80 |xl) was added to each well. In each well, the final concentration of each 
antibody became a quarter of the above-mentioned concentration of the antibody, and accordingly the concentration 
of PTHrP (1-34) became 1 ng/ml. After the treatment at room temperature for 10 min., the culture supernatant was 
removed and the residue was washed with PBS three times. Subsequently, cAMP in the cells was extracted with 100 
Hl of a 0,3% HCI-95% ethanol and then evaporated using a water jet aspiratorto remove the HCI-ethanol. The residue 
was dissolved in 120 Hi of ElAbufferappendedtocAMPEIA Kit (CAYMAN CHEMICAL'S) to extractthecAMP therefrom. 
The cAMP was determined using cAMP EIA Kit (CAYMAN CHEMICAL'S) in accordance with the instructions included 
in the kit. As a result, it was found that, among the humanized antibodies having the same levels of antigen-binding 
activity as that of the chimeric antibody, those antibodies having L-chaIn versions "q", "r", "s" and "t" (in which the 
91 -position tyrosine was replaced by isoleucine) exhibited the similar neutralizing activity to that of the chimeric anti- 
body, and that antibody having a L-chain version "q" exhibited the strongest neutralizing activity. 

Sequence Listing Free Text 

[0271] 

SEQ ID NO: 1 Synthesized DNA 
SEQ ID NO: 2 Synthesized DNA 
SEQ ID NO: 3 Synthesized DNA 
SEQ ID NO: 4 Synthesized DNA 
SEQ ID NO: 5 Synthesized DNA 
SEQ ID NO: 6 Synthesized DNA 
SEQ ID NO: 7 Synthesized DNA 
SEQ ID NO: 8 Synthesized DNA 
SEQ ID NO: 9 Synthesized DNA 
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SEQ 


ID NO: 


10 Synthesized DNA 




SEQ 


ID NO: 


11 Synthesized DNA 




SEQ 


ID NO: 


12 Synthesized DNA 




SEQ 


ID NO: 


13 Synthesized DNA 




SEQ 


ID NO: 


14 Synthesized DNA 




SEQ 


ID NO: 


15 Synthesized DNA 




SEQ 


ID NO: 


1 6 Synthesized DNA 




SEQ 


ID NO: 


1 7 Synthesized DNA 




SEQ 


ID NO: 


18 Synthesized DNA 


10 


SEQ 


ID NO: 


19 Synthesized DNA 




SEQ 


ID NO: 


20 Synthesized DNA 




SEQ 


ID NO: 


21 Synthesized DNA 




SEQ 


ID NO: 


22 Synthesized DNA 




SEQ 


ID NO: 


23 Synthesized DNA 


15 


SEQ 


ID NO: 


24 Synthesized DNA 




SEQ 


ID NO: 


25 Synthesized DNA 




SEQ 


ID NO: 


26 Synthesized DNA 




SEQ 


ID NO: 


27 Synthesized DNA 




SEQ 


ID NO: 


28 Synthesized DNA 


20 


SEQ 


ID NO: 


29 Synthesized DNA 




SEQ 


ID NO: 


30 Synthesized DNA 




SEQ 


ID NO: 


31 Synthesized DNA 




SEQ 


ID NO: 


32 Synthesized DNA 




SEQ 


ID NO: 


33 Synthesized DNA 


25 


SEQ 


ID NO: 


34 Synthesized DNA 




SEQ 


ID NO: 


35 Synthesized DNA 




SEQ 


ID NO: 


36 Synthesized DNA 




SEQ 


ID NO: 


37 Synthesized DNA 




SEQ 


ID NO: 


38 Synthesized DNA 








39 Synthesized DNA 




SEQ 


ID NO: 


40 Synthesized DNA 




SEQ 


ID NO: 


41 Synthesized DNA 




SEQ 


ID NO: 


42 Synthesized DNA 




SEQ 


ID NO: 


43 Synthesized DNA 


35 


SEQ 


ID NO: 


44 Synthesized DNA 



[0272] All publications, patents and patent appiications cited herein are incorporated by reference in their entirety. 
INDUSTRIAL APPLiCABiLITY 

40 

[0273] The present invention provides a therapeutic agent for diseases caused by PTH or PTHrP, which comprises, 
as an active Ingredient, an agonist or antagonist binding to a PTH receptor or PTHrP receptor, or a substance binding 
to a ligand of the receptor to promote or inhibit binding between the ligand and the receptor. 

45 
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SEQUENCE LISTING 
<I10> CHOGAl SEIYAKU KABUSHIKI KAISHA. 
<120> Therapeutic agent for diseases caused with PTH or PTHrP 

<130> PH-945-PCT 

<150> JP 11-189793 
<151> 1999-07-02 

<160> 75 

<170> Patentin Ver. 2.0 

<210> 1 
<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 1 

aaatagccct tgaccaggca 20 

<210> 2 
<21]> 38 
<212> M 
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<Z13> Artificial SeQuence 
<220> 

<223> Synthetic DM 

<400> 2 

ctggttcggc ccacctctga a^ttccaga atcgatag 38 

<210> 3 
<211> 28 

<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Synthetic DNA 
<400> 3 

ggatcccggg ccagtggata gacagatg 28 

<210> 4 
<2I1> 29 
<212> DNA 

<213> Artificial SeQuence 

<220> 

<223> Synthetic DNA 
<400> 4 

ggatcccggg tcagrggaag gtggraaca 29 
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<210> 5 
<211> 17 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Synthetic M 
<400> 5 

gttttcccag tcacgac 17 

<210> 6 
<211> 17 
<212> DM 

<213> Artificial Seauence 

<220> 

<223> Synthetic DM 
<400> 6 

caggaaacag ctatgac 17 

<210> 7 

<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Synthetic DNA 
<400> 7 

gtctaagctt ccaccatgaa acttcgggct c 31 

<210> 8 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 8 

tgttggatcc ctgcagagac agtgaccaga 30 

<210> 9 

<211> 36 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Synthetic DNA 

<400> 9 

gtctgaattc aagcttccac catggggttt g^ctg 36 



<210> 10 
<211> 41 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 

<400> 10 

tttcccgggc ccttggtgga ggctgaggag acggtgacca g 41 

<210> 11 
<211> 109 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 

<400> 11 

gtctgaattc aagcttagta cttggccagc ccaa^ccaa ccccacggtc accctgttcc 60 
cgccctcctc tgaggagctc caagccaaca aggccacact agtgtgtct 109 

<210> 12 
<211> 110 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
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<400> 12 

ggtttggtgg tctccactcc cgccttgacg gggctgccat ctgccttcca ggccactgtc 60 
acagctcccg ggtagaagtc actgatcaga cacactagtg tggccttgtt 110 

<2I0> 13 

<211> 98 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Swthetic M 

<400> 13 

ggagtggaga ccaccaaacc ctccaaacag agcaacaaca agtacgcggc cagcagctac 60 
ctgagcctga cgcccgagca gtggaagtcc cacagaag 98 

<210> 14 
<211> 106 
<212> M 

<213> Artificial SeQuence 
<220> 

<223> Synthetic DM 

<400> 14 

tgttgaattc ttactatgaa cattctgtag gggccactgt cttctccacg gtgctccctt 60 
catgcgtgac ctggcagctg tagcttctgt gggacttcca ctgctc 106 

<210> 15 
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<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 15 

gtctgaattc aagcttagta cttggccagc ccaaggccaa ccc 43 

<2!0> 16 
<211> 20 
<212> DN/V 

<213> Artificial Seauence 
<220> 

<223> Synthetic M 
<400> 16 

tgttgaattc ttactatgaa 20 

<210> 17 
<211> 39 
<212>M 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
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<400> 17 

caacaagtac gcggccagca gctacctgag cctgacgcc 39 

<210> 18 
<211> 39 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 18 

gtagctgctg gccgcgtact tgttgttgct ctgtttgga 39 

<210> 19 
<211> 46 
<212> DNA 

<213> Artificial Seauence 

<220> 

<223> Synthetic DNA 
<400> 19 

gtctgaattc aagcttagtc ctaggtcgaa ctgtggctgc accatc 46 

<210> 20 
<211> 34 
<212> DNA 

<213> Artificial SeQuence 
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<220> 

<223> Synthetic DNA 
<400> 20 

tgttgaattc ttactaacac tctcccctgt tgaa 34 

<210> 21 
<211> 35 
<212> DNA 

<213> ArtiTicial Seouence 

<220> 

<223> Synthetic DNA 
<400> 21 

gtctaagctt ccaccatggc ct^actcct ctctt 35 

<210> 22 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 22 

tgttgaattc agatctaact acttacctag gacagtgacc ttggtccc 48 
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<210> 23 
<211> 128 
<212> DNA 

<213> Artificial Senuence 

<220> 

<223> Synthetic M 
<400> 23 

gtctaagctt ccaccat^ gtttgggctg agctgggttt tcctcgttgc tcttttaaga 50 
ggtgtccagt gtcaggtgca gctggtggag tctgggggag gcgtggtcca gcctgggagg 120 
tccctgag 128 

<210> 24 
<211> 125 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 24 

accattagta gtggtggtag ttacacctac tatccagaca gtgtgaaggg gcgattcacc 60 
atctccagag acaattccaa gaacacgctg tatctgcaaa tgaacagcct gagagctgag 120 
gacac 125 

<210> 25 
<211> 132 
<212> DNA 
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<213> Artificial SeQuence 
<220> 

<223> Synthetic M 

<400> 25 

ctaccaccac tactaatggt tgccacccac tccagcccct tgcctggagc ctggcggacc 60 
caagacatgc catagctact gaaggtgaat ccagaggctg cacaggagag tctcagggac 120 
ctcccaggct gg 132 

<210> 26 
<2I1> 110 
<2]2> DNA 

<213> Artificial Setiuence 
<220> 

<223> Synthetic M 

<400> 26 

tgttggatcc ctgaggagac ggtgaccagg gttccctggc cccagtaagc aaagtaagtc 60 
atagtagtct gtctcgcaca gtaatacaca gccgtgtcct cagctctcag 110 

<210> 27 
<2I1> 30 

<212> DNA 

<213> Artificial Secuence 
<220> 

<223> Synthetic DNA 
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<400> 27 

gtctaagctt ccaccatggg gtttgggctg 30 

<210> 28 

<211> 30 
<212> DNA 

<2I3> Artificial SeQuence 
<220> 

<223> Synthetic DNA 

<400> 28 

tgttggatcc ctgaggagac ggtgaccagg 30 

<210> 29 
<211> 133 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Synthetic DNA 
<400> 29 

acaaagcttc caccatggcc tggactcctc tcttcttctt ctttgttctt cattgctcag 60 
gttctttctc ccagcttgtg ctgactcaat cgccctctgc ctctgcctcc ctgggagcct 120 
cggtcaagct cac 133 

<210> 30 
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<211> 118 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Synthetic DNA 

<400> 30 

agcaagatgg aagccacagc acaggtgatg ggattcctga tcgcttctca ggctccagct 60 
ctggggctga gcgctacctc accatctcca gcctccagtc tgaggatgag gctgacta 118 

<210> 31 
<21I> 128 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Synthetic DNA 

<400> 31 

ctgtggcttc catcttgctt aagtttcatc aagtaccgag ggcccttctc Iggctgctgc 60 
tgatgccatt caatggtgta cgtactgtgc tgactactca aggtgcaggt gagcttgacc 120 
gaggctcc 128 

<210> 32 
<21]> 114 
<212> DNA 

<213> Artificial Seauence 
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<220> 

<223> Synthetic DM 

<400> 32 

cttggatccg ggctgaccta ggacggtcag tttggtccct ccgccgaaca ccctcacaaa 60 
ttgttcctta attgtatcac ccacaccaca gtaatagtca gcctcatcct caga 114 

<210> 33 
<211> 17 
<212> DM 

<213> Artificial ScQuence 

<220> 

<223> Swthelic M 
<400> 33 

acaaagcttc caccatg 17 

<210> 34 
<211> 19 

<2i2> m 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 



<400> 34 

cttggatccg ggctgacct 
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<210> 35 
<211> 75 
<212> DM 

<213> Artificial ScQuence 
<220> 

<223> Synthetic M 
<400> 35 

cttggatccg ggctgaccta ggacggtcag tttggtccct ccgccgaaca cgtacacaaa 60 
ttgttcctta attgt 75 

<210> 36 
<211> 43 
<212> DNA 

<2I3> Artificial Sequence 

<220> 

<223> Synthetic DM 
<400> 36 

aaaggatcct taagatccat caagtaccga gggggcttct ctg 43 

<210> 37 

<211> 46 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Synthetic DNA 
<400> 37 

acaaagctta gcgctacctc accatctcca gcctccagcc tgagga 46 

<210> 38 
<211> 111 
<212> DMA 

<213> Artificial Seauence 

<220> 

<223> Synthetic DNA 
<400> 38 

cttggatccg ggctgaccta ggacggtcag tttggtccct ccgccgaaca cgtacacaaa 60 
ttgttcctta attgtatcac ccacaccaca gatatagtca gcctcatcct c 111 

<210> 39 
<211> 42 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Synthetic DM 
<400> 39 

cttctctggc tgctgctgat accattcaat ggtgtacgta ct 42 



<210> 40 
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<211> 26 

<2i2> m 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 40 

cgagggccct tctctggctg ctgctg 26 

<2I0> 41 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 

<400> 41 

gagaagggcc ctargtacst gatgrawctt aagca 35 

<210> 42 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DKA 
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<400> 42 

cacgaaltca ctatcgattc tggaaccttc agagg 35 

<210> 43 
<21]> 18 

<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Synthetic DNA 

<400> 43 

ggcttggagc tcctcaga 18 

<210> 44 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Synthetic DNA 
<400> 44 

gacagtggtt caaagttttt 20 

<210> 45 
<211> 118 
<212> PRT 
<213> Mus musculus 
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<400> 45 

Gin Leu Val Leu Thr Gin Ser Ser Ser Ala Ser Phe Ser Leu Gly Ala 

15 10 15 

Ser Ala Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 

20 25 30 

lie Glu Trp Tyr Gin Gin Gin Pro Leu Lys Pro Pro Lys Tyr Val Met 

35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 

50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Asp Arg Tyr Leu Ser He Ser 
65 70 75 80 

Asn He Gin Pro Glu Asp Gin Ala Met Tyr He Cys Gly Val Gly Asp 

85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Val 

100 105 110 

Thr Val Leu Gly Gin Pro 
115 

<210> 46 
<21i> 118 
<212> PRT 
<213> Mus fflusculus 

<400> 46 

Glu Val Gin Leu Val Glu Ser Gly Gly Asp Leu Val Lys Pro Gly Gly 

15 10 15 

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 
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Gly Met Ser Trp lie Arg Gin Thr Pro Asp Lys Arg Leu Glu Tip Val 

35 40 45 

Ala Thr lie Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro Asp Ser Val 

50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gli) Met Ser Ser Leu Lys Ser Glu Asp Thr Ala Met Phe Tyr Cys 

85 90 95 

Ala Arg Gin Thr Thr Met Thr Tyr Phe Ala Tyr Trp Gly Gin Gly Thr 

100 105 110 

Leu Val Thr Val Ser Ala 
115 



<210> 47 
<211> 116 
<212> PRT 
<2]3> Homo sapii 



<400> 47 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 

15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser ITir Tyr Thr 

20 25 30 

He Glu Trp His Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 

35 40 45 

Lys Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 

50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 
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Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 

85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 

100 105 110 

Thr Val Leu Gly 
115 



<210> 48 
<211> 118 
<212> PRT 
<213> Homo sapiens 

<4G0> 48 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 

15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 

20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys Tyr Leu Met 

35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly lie Pro Asp 

50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 TO 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 

85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 

100 105 110 

Thr Val Leu Gly Gin Pro 
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<210> 49 
<211> 118 
<212> PRT 
<213> Homo sapiens 

<400> 49 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
20 1 5 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 

20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys Tyr Yal Met 

35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly lie Pro Asp 

30 

50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr lie Ser 
35 6 5 7 0 7 5 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 

85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 

100 105 110 

Thr Val Leu Gly Gin Pro 

45 

115 

50 <210> 50 

<211> 118 
<212> PRT 

55 

<213> Homo sapiens 
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<400> 50 

5 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

10 Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 

20 25 30 

lie Glu Tip Tyr Gb Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 

35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
,0 50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr lie Ser 
65 70 75 80 

25 Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 

85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 

30 

100 105 110 

Thr Val Leu Gly Gin Pro 



<210> 51 
<211> 118 
<212> PRT 
<213> Homo sapiens 

<400> 51 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 

15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 
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He Glu Trp Tyr Gin GId Gin Pro Glu Lys Gly Pro Arg Tyr Val Met 

35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 

50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 

85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 

100 105 110 

Thr Val Leu Gly Gin Pro 
115 

<210> 52 
<211> 118 
<212> PRT 
<213> Homo sapiens 

<400> 52 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 

15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 

20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys Tyr Leu Met 

35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 

50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 
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Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly Val Gly Asp 

85 90 95 

Thr lie Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 

100 105 110 

Thr Val Leu Gly Gin Pro 
115 



<210> 53 
<211> 118 
<212> PRT 
<213> Homo sapiens 



<400> 53 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 

15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 

20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 

35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly lie Pro Asp 

50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly Val Gly Asp 

85 90 95 

Thr lie Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 

100 105 110 

Thr Val Leu Gly Gin Pro 
115 
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<210> 54 
<2I1> 1]8 
<212> PRT 
<213> Homo sapiens 

<400> 54 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 

15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 

20 25 30 

lie Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys Tyr Val Met 

35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 

50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr lie Cys Gly Val Gly Asp 

85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly TTir Lys Leu 

100 105 110 

Thr Val Leu Gly Gin Pro 
115 

<210> 55 
<211> 118 
<212> PRT 
<213> Homo sapiens 
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<400> 55 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 

15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 

20 25 30 

lie Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Val Met 

35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 

50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr lie Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly Val Gly Asp 

85 90 95 

Thr lie Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 

100 105 110 

Thr Val Leu Gly Gin Pro 
115 

<210> 56 
<211> 118 
<212> PRT 
<213> Hono sapiens 



<400> 56 

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
50 1 5 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 

20 25 30 

Gly Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
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35 40 45 

Ala Thr He Ser Ser Gly Gly Ser Tyr Ttir Tyr Tyr Pro Asp Ser Val 

5 

50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Gin Asp Thr Ala Val Tyr Tyr Cys 

85 90 95 

Ala Arg Gin Thr Thr Met Thr Tyr Phe Ala Tyr Trp Gly Gin Gly Thr 
100 105 110 

20 Leu Val Thr Val Ser Ser 

115 

2^ <210> 57 

<21l>411 
<212> DM 

30 

<213> Mus lusculus 

35 <220> 

<221> CDS 
<222> (1).. (411) 

40 

<220> 

<221>iat_peptide 
<222> (58).. (411) 

50 <400> 57 

atg aac ttc ggg etc age tig att ttc ctt gcc etc att tta aaa ggt 48 

Met Asn Phe Gly Leu Ser Leu He Phe Leu Ala Leu He Leu Lys Gly 
-15 -10 -5 
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gtc cag tgt gag gtg caa ctg gtg gag tct ggg gga gac tta gtg aag 96 
Val Gin Cys Glu Val Gin Leu Val Glu Ser Gly Gly Asp Leu Val Lys 

-11 5 10 

cct gga ggg tec ctg aaa etc tec tgt gca gcc tct gga ttc act ttc 144 
Pro Gly Gly Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe 

15 20 25 

agt age tat ggc atg tct tgg att cgc cag act cca gac aag agg ctg 192 
Ser Ser Tyr Gly Met Ser Trp lie Arg Gin Thr Pro Asp Lys Arg Leu 
30 35 40 45 

gag tgg gtc gca acc att agt agt ggt ggt agt tac acc tac tat cca 240 
Glu Trp Val Ala Thr He Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro 

50 55 60 

gac agt gtg aag ggg cga ttc acc ate tec aga gac aat gcc aag aac 288 
Asp Ser Val Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn 

65 70 75 

acc eta tac ctg caa atg age agt ctg aag tct gag gac aca gcc atg 336 
Thr Leu Tyr Leu Gin Met Ser Ser Leu Lys Ser Glu Asp Thr Ala Met 

80 85 90 

ttt tac tgt gca aga cag act act atg act tac ttt get tac tgg ggc 384 
Phe Tyr Cys Ala Arg Gin Thr Thr Met Thr Tyr Phe Ala Tyr Trp Gly 

95 100 105 

caa ggg act ctg gtc act gtc tct gca 411 
Gin Gly Thr Leu Val Thr Val Ser Ala 
110 115 

<210> 58 
<211>411 
<212> DNA 
<213> Homo sapiens 
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<220> 
<221> CDS 
<222> (I).. (411) 

<220> 

<221> matjeptide 
<222> (58).. (411) 

<400> 58 

atg ggg ttt ggg ctg age tgg gtt ttc etc gtt get ett tta aga ggt 48 
Met Gly Phe Gly Leu Ser Trp Val Phe Leu Val Ala Leu Leu Arg Gly 

-15 -10 -5 

gtc cag tgt cag gtg cag ctg gtg gag tot ggg gga ggc gtg gtc cag 96 
Val Gin Cys Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin 

-11 5 10 

cct ggg agg tec ctg aga etc tec tgt gca gcc tct gga ttc acc ttc 144 
Pro Gly Arg Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe 

15 20 25 

agt age tat ggc atg tct tgg gtc cgc cag get cea ggc aag ggg ctg 192 
Ser Ser Tyr Gly Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 
30 35 40 45 

gag tgg gtg gca acc att agt agt ggt ggt agt tac acc tac tat cca 240 
Glu Trp Val Ala Thr He Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro 

50 55 60 

gac agt gig aag ggg cga ttc acc ate tec aga gac aat tec aag aac 288 
Asp Ser Val Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn 

65 70 75 

acg ctg tat ctg caa atg aac age ctg aga get gag gac acg get gtg 336 



64 



APPEAL BRIEF Serial No. 10/520,085 



Evidence Appendix (i) - Page 65 of 92 



EP1 197 225 A1 

Thr Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Yal 

80 85 90 

tat tac tgt gcg aga cag act act atg act tac ttt get tac tgg ggc 384 
Tyr Tyr Cys Ala Arg Gin Tlir Thr Met Thr Tyr Phe Ala Tyr Trp Gly 

95 100 105 

cag gga acc ctg gtc acc gtc tec tea 411 
Gin Gly Ttir Leu Val Thr Yal Ser Ser 
110 115 

<210> 59 
<211> 11 
<212> PRT 
<213> Homo sapiens 

<400> 59 

Lys Ala Ser Gin Asp Val Asn Thr Ala Val Ala 
1 5 10 

<210> 60 
<211> 7 
<212> PRT 
<213> Homo sapiens 

<400> 60 

Ser Ala Ser Asn Arg Tyr Thr 

1 5 

<210> 61 
<211> 9 
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<212> PRT 

<213> Homo sapiens 

5 

<400> 61 

10 Gin Gin His Tyr Ser Thr Pro Phe Thr 

1 5 

<210> 62 
<211> 5 
<212> PRT 
<213> Homo sapiens 

<400> 62 

Pro Tyr Trp Met Gin 
1 5 

30 

<210> 63 
35 <211> 16 

<212> PRT 
<213> HomD sapiens 

40 

<400> 63 

Ser He Phe Gly Asp Gly Asp Thr Arg Tyr Ser Gin Lys Phe Lys Gly 

45 

15 10 15 

50 <210> 64 

<2I1> 11 
<212> PRT 

55 

<213> Homo sapiens 
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<400> 64 

Gly Leu Arg Arg Gly Gly Tyr Tyr Phe Asp Tyr 
1 5 10 

<210> 65 
<211> 411 
<212> DNA 
<213> Mus lusculus 

<220> 
<221> CDS 
<222> (1).. (411) 

<220> 

<221> matjeptide 
<222> (58).. (411) 

<400> 65 

atg gcc tgg act cct etc ttc ttc ttc ttt gtt ctt cat tgc tea ggt 48 
Met Ala Trp Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 

-15 -10 -5 

tct ttc tec caa ctt gtg etc act cag tea tot tea gcc tct ttc tee 96 
Ser Phe Ser Gin Leu Val Leu Thr Gin Ser Ser Ser Ala Ser Phe Ser 

-11 5 10 

ctg gga gcc tea gca aaa etc acg tgc acc ttg agt agt cag cac agt 144 
Leu Gly Ala Ser Ala Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 

15 20 25 

acg tac acc att gaa tgg tat cag caa cag cca etc aag cct cct aag 192 
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Thr Tyr Thr He Glu Trp Tyr Gin Gin Gin Pro Leu Lys Pro Pro Lys 
30 35 40 45 

tat gtg atg gat ctt aag caa gat gga age cac age aca ggt gat ggg 240 
Tyr Val Met Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 

50 55 60 

att cct gat cgc ttc tct gga tec age tct ggt get gat cgc tae ett 288 
He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Asp Arg Tyr Leu 

65 70 75 

age att tec aac ate eag cca gaa gat gaa gca atg tac ate tgt ggt 336 
Ser He Ser Asn He Gin Pro Glu Asp Glu Ala Met TVr He Cys Gly 

80 85 90 

gtg ggt gat aea att aag gaa caa ttt gtg tat gtt ttc ggc ggt ggg 384 
Val Gly Asp Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 

95 100 105 

ace aag gtc act gtc eta ggt cag ecc 411 
Thr Lys Val Thr Val Leu Gly Gin Pro 
110 115 

<210> 66 
<2I1> 411 
<212> DNA 
<213> HoDD sapiens 

<220> 

<221> CDS 
<222> (11.. (411) 

<220> 

<221>i[iat_peplide 
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<222> (58).. (411) 
<400> 66 

atg gcc tgg act cct etc ttc ttc ttc ttt gtt ctt cat tgc tea ggt 48 
Met Ala Trp Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 

-15 -10 -5 

tot ttc tec cag ctt gtg ctg act caa teg ccc tct gcc tct gee tec 96 
Ser Phe Ser Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser 

-11 5 10 

ctg gga gcc teg gtc aag etc acc tgc acc ttg agt agt cag cac agt 144 
Leu Gly Ala Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 

15 20 25 

acg tac acc att gaa tgg cat cag cag cag oca gag aag ggc cct egg 192 
Thr Tyr Thr He Glu Trp His Gin Gin Gin Pro Glu Lys Gly Pro Arg 
30 35 40 45 

tac ttg atg aaa ctt aag caa gat gga age cac age aca ggt gat ggg 240 
Tyr Leu Met Lys Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 

50 55 60 

att cct gat cgc ttc tea ggc tec age tct ggg get gag cgc tac etc 288 
He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 

65 70 75 

acc ate tec age etc cag tct gag gat gag get gac tat tac tgt ggt 336 
T\\v He Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly 

80 85 90 

gtg ggt gat aca att aag gaa caa ttt gtg tac gtg ttc ggc gga ggg 384 
Val Gly Asp Thr lie Lys Glu Gin Phe Yal Tyr Val Phe Gly Gly Gly 

95 100 105 

acc aaa ctg ace gtc eta ggt cag ccc 411 
Thr Lys Leu Ihr Val Leu Gly Gin Pro 



APPEAL BRIEF Serial No. 10/520,085 



Evidence Appendix (i) - Page 70 of 92 



EP1 197 225 A1 

110 115 

<210> 67 
<211> 411 
<212> DM 
<213> Homo sapiens 

<220> 
<221> CDS 
<222> (1).. (411) 

<220> 

<221> latjeptide 
<222> (58).. (411) 

<400> 67 

atg gcc tgg act cct etc ttc ttc ttc ttt gtt ctl cat tgc tea ggt 48 
Met Ala Trp Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 

-15 -10 -5 

tot ttc tec cag Gtt gtg ctg act caa teg ccc tct gcc tct gcc tec 96 
Ser Phe Ser Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser 

-11 5 10 

ctg gga gcc teg gtc aag etc ace tgc aec ttg agt agt cag cae agt 144 
Leu Gly Ala Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 

15 20 25 

acg tac acc att gaa tgg tat cag cag cag oca gag aag ggc cct aag 192 
Thr Tyr Thr lie Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys 
30 35 40 45 

tac ctg atg gat ctt aag caa gat gga age cac age aea ggt gat ggg 240 
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Tyr Leu Met Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 

50 55 60 

att cct gat cgc ttc tea ggc tec age let ggg got gag cgc tac etc 288 
lie Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 

65 70 '■ 75 

acc ate tec age etc cag tct gag gat gag get gac tat tac tgt ^t 336 
Thr He Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly 

80 85 90 

gtg ggt gat aca alt aag gaa caa ttt gtg tac gtg ttc ggc gga ggg 384 
Yal Gly Asp Thr lie Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 

95 100 105 

acc aaa ctg acc gtc eta ggc cag ccc 411 
Thr Lys Leu Thr Val Leu Gly Gin Pro 
110 115 

<210> 68 
<211> 411 
<212> DNA 
<213> Homo sapiens 

<220> 
<221> CDS 
<222> (1).. (411) 

<220> 

<22]> Mtjeptide 
<222> (58).. (411) 

<400> 68 
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atg gcc tgg act cct etc ttc ttc ttc ttt gtt ctt cat tgc tea ggt 48 
Met Ala Trp Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 

-15 -10 -5 

tot ttc tec cag ctt gtg ctg act caa teg ccc tct gcc tct gee tec 96 
Ser Phe Ser Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser 

-11 5 10 

ctg gga gcc teg gtc aag etc ace tgc acc ttg agt agt cag cac agt 144 
Leu Gly Ala Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 

15 20 25 

acg tac acc att gaa tgg tat cag cag cag cca gag aag ggc cct aag 192 
Thr Tyr Thr He GIu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys 
30 35 40 45 

tac gtg atg gat ctt aag caa gat gga age cac age aca ggt gat ggg 240 
Tyr Val Met Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 

50 55 60 

att cct gat cgc ttc tea ggc tec age tct ggg get gag cgc tac etc 288 
He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 

65 70 75 

acc ate tec age etc cag tct gag gat gag get gac tat tac tgt ggt 336 
Thr He Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly 

80 85 90 

gtg ggt gat aca att aag gaa caa ttt gtg tac gtg ttc ggc gga ggg 384 
Val Gly Asp Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 

95 100 105 

acc aaa ctg acc gtc eta ggc cag ccc 411 
Thr Lys Leu Thr Val Leu Gly Gin Pro 
110 n5 

<210> 69 



72 



APPEAL BRIEF Serial No. 10/520,085 



Evidence Appendix (i) - Page 73 of 92 



EP1 197 225 A1 

<211> 411 
<212> M 
<213> Homo sapiens 

<220> 
<22l> CDS 
<222> (1).. (411) 

<220> 

<221> latjKptide 
<222> (58).. (411) 

<400> 69 

atg gcc tgg act cct etc ttc tie ttc ttt 
Met Ala Trp Hir Pro Leu Phe Phe Phe Phe 
-15 -10 
tct ttc tec cag ctt gtg ctg act caa teg 
Ser Phe Ser Gin Leu Val Leu Thr Gin Ser 

-1 1 5 
ctg gga gcc teg gtc aag etc ace tgc ace 
Leu Gly Ala Ser Val Lys Leu Thr Cys Thr 

15 20 
acg tac acc att gaa tgg tat cag cag cag 
Thr Tyr Thr lie Glu Trp Tyr Gin Gin Gin 
30 35 
tac ctg atg gat ctt aag caa gai gga age 
Tyr Leu Met Asp Leu Lys Gin Asp Gly Ser 
50 55 
att cct gat cgc ttc tea ggc tec age tct 



gtt ctt cat tgc tea ggt 48 
Val Leu His Cys Ser Gly 
-5 

ccc tct gcc tct gcc tec 96 
Pro Ser Ala Ser Ala Ser 
10 

ttg agt agt cag cac agt 144 
Leu Ser Ser Gin His Ser 
25 

cca gag aag ggc cct agg 192 
Pro Glu Lys Gly Pro Arg 

40 45 
cac age aca ggt gat ggg 240 
His Ser Thr Gly Asp Gly 
60 

ggg get gag cgc tac etc 288 
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He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 

65 70 75 

acc ate tec age etc cag tct gag gat gag get gac tat tac tgt ggt 336 
Ihr He Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly 

80 85 90 

gtg ggt gat aca att aag gaa caa ttt gtg tac gtg Itc ggc gga ggg 384 
Val Gly Asp Ihr lie Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 

95 100 105 

acc aaa ctg acc gtc eta ggc cag ccc 411 
Thr Lys Leu Thr Val Leu Gly Gin Pro 
110 115 

<210> 70 
<211> 411 
<212> DNA 
<213> Homo sapiens 

<220> 
<221> CDS 
<222> (1).. (411) 

<220> 

<221> latjeptide 
<222> (58).. (411) 

<400> 70 

atg gcc tgg act cct etc ttc ttc ttc ttt gtt ctt cat tgc tea ggt 48 

Met Ala Trp Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 
-15 -10 -5 
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tct ttc tec cag ctt gtg ctg act caa teg ccc tct gcc tot gcc tec 96 
Ser Phe Ser Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser 

-1 1 5 10 

Ctg gga gcc teg gtc aag etc acc tgc acc ttg agt agt cag cac agt. 144 
Leu Gly Ala Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 

15 20 25 

acg tac acc att gaa tgg tat cag cag cag cca gag aag ggc cct agg 192 
Thr Tyr Tlir He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg 
30 35 40 45 

tac gtg atg gat ctt aag caa gat Ka age cac age aca ggt gat ggg 240 
Tyr Val Met Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 

50 55 60 

att cct gat cgc ttc tea ggc tec age tct ggg get gag cgc tac etc 288 
He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 

65 70 75 

acc ate tec age etc cag tct gag gat gag get gac tat tac tgt ggt 336 
Thr lie Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly 

80 85 90 

gtg ggt gat aca att aag gaa caa ttt gtg tac gtg ttc ggc gga g^ 384 
Val Gly Asp Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 

95 100 105 

acc aaa ctg acc gtc eta ggc cag ccc 411 
Thr Lys Leu Thr Val Leu Gly Gin Pro 
110 115 

<210> 71 
<211> 411 
<212> DNA 
<213> Homo sapiens 
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<220> 
<221> CDS 
<222> (1).. (411) 

<220> 

<221> mat jeptide 
<222> (58).. (411) 

<400> 71 

atg gcc tgg act cct etc ttc ttc ttc ttt gtt ctt cat tgc tea ggt 48 
Met Ala Trp Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 

-15 -10 -5 

tct ttc tec cag ctt gtg ctg act caa teg ccc tct tct gcc tec 96 
Ser Phe Ser Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser 

-11 5 10 

ctg gga gee teg gtc aag etc aec tgc acc ttg agt agt cag cac agt 144 
Leu Gly Ala Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 

15 20 25 

acg tac acc att gaa tgg tat cag cag cag cca gag aag ggc cct aag 192 
Thr Tyr Thr lie Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys 
30 35 40 45 

tac ctg atg gat ctt aag caa gat gga age cac age aca ggt gat ggg 240 
Tyr Leu Met Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 

50 55 60 

att cct gat cge ttc tea ggc tec age tct ggg get gag cge tac etc 288 
lie Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 

65 70 75 

acc ate tec age etc cag tct gag gat gag get gac tat ate tgt ggt 336 
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Thr He Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly 

80 85 90 

gtg ggt gat aca att aag gaa caa ttt gtg tac gtg ttc ggc gga ggg 384 
Val Gly Asp Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 

95 100 105 

acc aaa ctg acc gtc eta ggc cag ccc 411 
Thr Lys Leu Thr Val Leu Gly Gin Pro 
110 115 

<210> 72 
<211> 411 
<212> DNA 
<213> Homo sapiens 

<220> 
<22l> CDS 
<222> (1).. (411) 

<220> 

<221> inat_peptide 
<222> (58).. (411) 

<400> 72 

atg gcc tgg act cct etc ttc ttc ttc ttt gtt ctt cat tgc tea ggt 48 
Met Ala Trp Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 

-15 -10 -5 

tct ttc tec cag ctt gtg ctg act caa teg ccc tct gcc tct gcc tec 96 
Ser Phe Ser Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser 
-11 5 10 
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ctg gga gcc teg gtc aag etc acc tgc acc ttg agt agt cag cac agt 144 
Leu Gly Ala Ser Yal Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 

15 20 25 

acg tac acc att gaa tgg tat cag cag cag cca gag aag ggc cct agg 192 
Thr Tyr Thr He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg 
30 35 40 45 

tac ctg atg gat ctt aag caa gat age cac age aca ggt gat ggg 240 
Tyr Leu Met Asp Leu Lys Gin Asp Gly Ser His Ser Ihr Gly Asp Gly 

50 55 60 

att cct gat cgc ttc tea ggc tec age tct ggg get gag cgc tac etc 288 
He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 

65 70 75 

acc ate tec age etc cag tct gag gat gag get gac tat ate tgt ggt 336 
Thr He Ser Ser Leu Gh Ser Glu Asp Glu Ala Asp Tyr He Cys Gly 

80 85 90 

gtg ggt gat aca att aag gaa caa ttt gtg tac gtg ttc ggc gga ggg 384 
Val Gly Asp Hir He Lys Glu Gin Phe Yal Tyr Val Phe Gly Gly Gly 

95 100 105 

acc aaa ctg acc gtc eta ggc cag ccc 411 
Thr Lys Leu Thr Val Leu Gly Gin Pro 
110 115 

<210> 73 
<211> 411 

<212> DNA 

<213> Homo sapiens 

<220> 
<221> CDS 
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<222> (1).. (411) 
<220> 

<221>iatjeptide 
<222> (58).. (411) 

<400> 73 

atg gcc tgg act cct etc ttc ttc ttc ttt gtt ctt cat tgc tea ggt 48 
Met Ala Tip Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 

-15 -10 -5 

tct tic tec cag ctt gtg ctg act caa teg ccc tct gcc tct gcc tec 96 
Ser Phe Ser Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser 

-11 5 10 

ctg gga gcc teg gtc aag etc acc tgc acc ttg agt agt cag cac agt 144 
Leu Gly Ala Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 

15 20 25 

acg tac acc att gaa tgg tat cag cag cag cca gag aag ggc cct aag 192 
Thr Tyr Thr He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys 
30 35 40 45 

tac gtg atg gat ctt aag caa gat gga age cac age aca ggt gat ggg 240 
Tyr Val Met Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 

50 55 60 

att cct gat cgc ttc tea ggc tec age tct ggg get gag cgc tac etc 288 
He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 

65 70 75 

acc ate tee age etc cag let gag gat gag get gac tat ate tgt ggt 336 
Hir He Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly 

80 85 90 

gtg ggt gat aca att aag gaa caa ttt gtg tac gtg ttc ggc gga ggg 384 
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Val GlyAspThrlle 
95 

acc aaa ctg acc gtc 
Hir Lys Leu Thr Yal 
110 

<210> 74 
<211> 411 
<212> DNA 
<2I3> Homo sapiens 

<220> 
<221> CDS 
<222> (1).. (411) 

<220> 

<221> matjeptide 
<222> (58).. (411) 

<400> 74 

atg gcc tgg act cct etc ttc 
Met Ala Trp Thr Pro Leu Phe 

-15 

tct ttc tec cag clt gtg ctg 
Ser Phe Ser Gin Leu Val Leu 
-1 1 

ctg gga gcc teg gtc aag etc 
Leu Gly Ala Ser Val Lys Leu 
15 20 



Lys Glu Gin Phe Val Tyr Yal Phe Gly Gly Gly 

100 105 
eta ggc cag ccc 411 
Leu Gly Gin Pro 
115 



ttc ttc ttt gtt ctt cat tgc tea ggt 48 

Phe Phe Phe Yal Leu His Cys Ser Gly 

-10 -5 

act caa teg cec tct gcc tct gcc tec 96 

Thr Gin Ser Pro Ser Ala Ser Ala Ser 

5 10 

acc tgc acc ttg agt agt cag cac agt 144 

Hir Cys Thr Leu Ser Ser Gin His Ser 
25 
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acg tac acc att gaa tgg tat cag cag cag cca gag aag ggc cct agg 192 
Thr Tyr Thr He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg 
30 35 40 45 

tac gtg atg gat ctt aag caa gat gga age cac age aca ggt gat ggg 240 
Tyr Val Met Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 

50 55 60 

att cct gat cgc ttc tea ggc tec age tct ggg get gag cgc tac etc 288 
He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 

65 70 75 

acc ate tec age etc cag tct gag gat gag get gac tat ate tgt ggt 336 
Thr lie Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly 

80 85 90 

gtg ggt gat aca att aag gaa caa ttt gtg tac gtg ttc ggc gga ggg 384 
Val Gly Asp Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 

95 100 105 

acc aaa ctg acc gtc eta ggc cag ccc 411 
Thr Lys Leu Thr Val Leu Gly Gin Pro 
110 115 

<210> 75 
<211> 34 
<212> PRT 
<213> Hmo sapiens 

<400> 75 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie Gin 

1 5 10 15 

Asp Leu Arg Arg Arg Phe Phe Leu His His Leu He Ala Glu lie His 
20 25 30 

Thr Ala 
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Claims 

10 1 . A therapeutic agent for a disease caused by PTH or PTHrP, wiiicii comprises, as an active ingredient, an agonist 
or antagonist binding to a PTH receptor or PTHrP receptor, or a substance binding to a iigand of tlie receptor to 
promote or inhibit binding between the iigand and the receptor 

2. The therapeutic agent according to ciaim 1 , wherein the disease caused by PTH or PTHrP is primariiy a disease 
15 other than hypercalcemia. 

3. A QOL improving agent for alleviating a symptom of a disease caused by PTH or PTHrP, which comprises, as an 
active ingredient, an agonist or antagonist binding to a PTH receptor or PTHrP receptor, or a substance binding 
to a Iigand of the receptor to promote or inhibit binding between the Iigand and the receptor. 

20 

4. A therapeutic agent for a syndrome associated with malignancy caused by PTHrP, which comprises, as an active 
Ingredient, an agonist or antagonist binding to a PTH receptor or PTHrP receptor, or a substance binding to a 
Iigand of the receptor to promote or inhibit binding between the Iigand and the receptor. 

25 5. The therapeutic agent according to ciaim 4, wherein the syndrome associated with malignancy is selected from 
the group consisting of digestive system disorders, proteometabolism abnormality saccharometaboiism abnor- 
mality, lipid metabolism abnormality, anorexia, hematological abnonnality electrolyte abnormality, immunodefi- 
ciency and pain. 

so 6. The therapeutic agent according to claim 1 or 2, wherein the disease Is a secondary hyperparathyroidism or primary 
hyperparathyroidism caused by PTH. 

7. An alleviation agent for a central nervous system disease caused by PTH or PTHrP, which comprises, as an active 
ingredient, an agonist or antagonist binding to a PTH receptor or PTHrP receptor or a substance binding to a 

35 iigand of the receptor to promote or inhibit binding between the iigand and the receptor 

8. The alleviation agent according to claim 7, wherein the central nervous system disease Is selected from the group 
consisting of dyssomnia, neuropathy, nervous symptom, brain metabolism abnormality, cerebral circulation abnor- 
mality, autonomic Imbalance, and endocrine system abnormality with which central nervous system Is associated. 

40 

9. An alleviation agent for a disease caused by PTH or PTHrP-cytol<ine cascade, which comprises, as an active 
ingredient, an agonist or antagonist binding to a PTH receptor or PTHrP receptor, or a substance binding to a 
iigand of the receptor to promote or inhibit binding between the Iigand and the receptor. 

45 10. The alleviation agent according to claim 9, wherein the cytokine Is selected from the group consisting of IL-1 , IL- 
2, iL-3, iL-4, IL-5, IL-6, IL-7, IL-8, iL-9, IL-10, IL-11, IL-12, IL-13, IL-15, G-CSF, GM-CSF, M-CSF, EPO, LiF, TPO, 
EGF, TGF- a, TGF- |J, FGF, IGF, HGF, VEGR NGF activin, inhibln, a BMP family TNF and IFN. 

11. The alleviation agent according to claim 9 or 10, wherein the disease caused by PTH or PTHrP-cytoi<ine cascade 
50 is selected from the group consisting of septicemia, cachexia, inflammation, hemopathy, calcium metabolism ab- 
normality, and autoimmune disease. 

12. A central nervous system regulator, which comprises, as an active ingredient, an agonist or antagonist binding to 
a PTH receptor or PTHrP receptor, or a substance binding to a Iigand of the receptor to promote or Inhibit binding 

55 between the Iigand and the receptor. 

13. A cytokine network regulator, which comprises, as an active Ingredient, an agonist or antagonist binding to a PTH 
receptor or PTHrP receptor, or a substance binding to a Iigand of the receptorto promote or Inhibit binding between 
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the ligand and the receptor. 

14. The agent according to any one of claims 1 to 13, wherein the PTH receptor or PTHrP receptor is a PTH/PTHrP 
type I receptor. 

5 

15. The agent according to any one of ciaims 1 to 14, wherein the substance binding to a ligand of PTH receptor or 
PTHrP receptor to inhibit binding between the ligand and the receptor is seiected from the group consisting of an 
anti-PTHrP antibody and anti-PTH antibody. 

10 16. The agent according to claim 15, wherein the substance binding to a iigand of PTH receptor or PTHrP receptorto 
inhibit binding between the ligand and the receptor is an anti-PTHrP antibody. 

17. The agent according to claim 16, wherein the anti-PTHrP antibody is a humanized anti-PTHrP antibody. 
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FIGl 

Effect of humanized anti-PTPIrP antibody on blood vasopressin level 
in high PTHrP-related hypercalcemia model rats 




□ Normal groups 
■ Control groups 
9 3mg/kg humanized antibody 



FIG 2 

Effect of humanized anti-PTHrP antibody on urine volume 
in high PTHrP-related hypocalcemia model rats 




□ Normal groups 
■ Control groups 
H 3mg/kg humanized antibody 
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FIG. 3 

Drug efficacy of humanized anti-PTHrP antibody 
in septicemia models 




— Control groups 

■ n Humanized antibody prior 
administration groups 

-^fc- Humanized antibody concurrent 
administration groups 



12 24 36 48 60 72 
. Time after LDS administration 
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FIG. 4 




C. Reduction of blood Ca level and food 
coasumption (accumulation) 




0 1 2 3 4 5 

A iCa (accumulation) 

O : Humanized an 
A : Alendronate, 



D . Reduction of blood Ca level and water 
consumption (accumulation) 




^ 0 1 2 3 4 5 

A iCa (accumulation) 
ti-PTHrP antibody, 3mg/kg i.v. single 



i.v. single 
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FIGS 

A. Autonomic movement volume (HHM control) 
1200 r 



1 1000 




»ay-l PBS administration 
Day 3 
Day 5 



B . Autonomic movement volume 

(Humanized anti-PTHrP antibody, 5mg/kg i.v.) 
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Continuation of Box No.Il of continuation of first sheet (1) 

Invention as set forth in claim 1 pertains to remedies for diseases caused 
by PTHor PTHrP which contain, as the active ingredient, an agonist or an antagonist 
binding to PTH receptor or PTHrP receptor or a substance binding to a ligand 
of such a receptor to thereby promote or inhibit the binding of the ligand to 
the receptor. As described in the documents (JP, 6-506598 A, JP, 4-228089, A, 
JP, 5-509098, A, etc.) cited in the description by the applicant, remedies for 
these diseases with the use of such ingredients had been widely known. Therefore, 
it is understood tliat the "special technical feature" in the present invention 
resides in particular diseases caused by PTH or PTHrP. 

It is recognized that claims 1 to 17 in the present application pertain to 
groups of inventions 1) to 5) as shown below. However, it is not considered that 
there is a "special technical feature" among these groups of inventions. Such 
being the case, these groups of inventions are considered as not complying with 
the requirement of unity of in invention: 

1) claims l, 2 and 6 and the parts in claims 14 to 17 depending on claims 
X, 2 and 6; 

2) claim 3 and the parts in claims 14 to 17 depending on claim3; 

3) claims 4 and 5 and the parts in claims 14 to 17 depending on claims 4 

4) claims 7, 8 and 12 and the parts in claims 14 to 17 depending on claims 
7, 8 and 12; and 

5) claims 9 to 11 and 13 and the parte in claims 14 to 17 depending on clalraa 
9 to 11 and 13. 



Form PCT/ISA/210 (estra sheet) (July 1992) 



92 



APPEAL BRIEF Serial No. 10/520,085 



Evidence Appendix G) - Page 1 of 10 




XP-002237380 



Ptptides 23 (20QZ) 989-998 



Specificity and stability of a new PTHl receptor 
antagonist, mouse TIP(7-39) 

Sam RJ. Hoare. Ted B. Usdin* 

tonCeJl Biology, ffatiomil Instate of Menial Healtk Room 3D06. Bid. 36. 36 Coment Drive, Bethesda, MD 20S»2-4t»2, USA 
Received 1 1 October 2001 : accepted 27 November 2001 



Parathyroid hormone 1 (PTHl) receptor antagonists might beof benefit in hypercaloemiaof malignancy (HHM) and hypeii>arathyroidism 
Wepreviously idenUfied bovine tuberoinfundibular peptide (7-39) (bTIP(7-39)) as a high-affinity PTHl receptor antagonist Mouse 
■nP(7-39) IS an antagonist (rPTHl ATb = 44 nM. rPTO2 = 940 nM) that is more potent than other known PTHl receptor antagonUts: 
b'nP(7-39) (210nM) FTH-related protein (PTHrP)(7-34) (640nM), and bPTO(7-34) (>3000nM). Plasma proteases slowly (tin = 
81 mm) mactivated ['2Si]niTIP(7-39). Intravenous plasma l'^l]mnP(7-39) was bi-phasically cleared (radioactivity r,/, = 2.9 min (70%) 
and 120mm (30%), binding activity I1/2 = 3.6min (92%), and ij/j = 21 min (8%)). Loss of unlabeled mTIP(7-39) (250M,g/kg i.v.) 
receptOT bmding was simUar. mTIP(7-39)'s high-affiniQr should facilitate animal evaJuaUon of effects of PTHl receptor antasonism 
Published by Elsevier Science Inc. ^ 

Keywordr: Hypenalcemia: Parathyroid hormone; -nibenrinAindibalar peptide; HypetparaJhyroidism; Plasma pharmacokinetics 



1. Introduction 

Two major disorders of calcium metabolism involve 
elevated levels of ligands that stimulate the parathyroid 
hormone 1 (PTHl) receptor. Hypercalcemia of malignancy 
(HHM) results from excessive production of PTH-related 
proteiii (PTHrP) by certain tumors [II], and primaiy hyper- 
parathyroidism (HPT) involves over-production of PTH by 
, 'he parathyroid gland [26,38]. In both of these conditions 
•iypercalcemia results through activation of the PTHl re- 
ceptor [21], which is highly expressed in bone and kidney 
[21,29]. 

HHM and HPT can be treated by inhibiting the physiolog- 
ical effects of PTHl receptor activation in bone. Hie highly 
successful bisphosphonate drugs act by preventing bone re- 
sorption [31]. Esu-ogens have also been used for this pur- 
pose [39]. An alternative anti-resorptive agent in develop- 
ment is osteoproiegerin, which inhibits osteoblasl-siimulated 
osteoclast production and activity [3]. However, the effect 
of bisphosphonates are not evident until several days af- 
ter initiation of treatment [37] and their use is limited in 
certain clinical situations [39]. Ahti^-esorptive therapy also 
does not target renal effects of PTH and PTHrP. Block- 
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ing PTHl receptor activation could circumvent these limi- 
tations. Current therapies in development lower the activity 
or circulating level of PTHl receptor ligands. Anti-PTHrP 
antibodies lower serum calcium to the physiological range 
within 24 h in nude mice bearing PTHrP-producing tumors 
[33]. Compounds that activate calcium-sensing receptors in 
the parathyroid reduce serum PTH and C&^+ levels within 
hours in rats [9] and in patients with HPT [36]. Hypercal- 
cemiain rodents is also effectively inhibited by anti-sense or 
drug-induced blockade of PTHrP expression or processing in 
transplanted tumor cells [12,24,30]. Blocking PTHl receptor 
activation could also inhibit actions of PTHrP in HHM be- 
yond hypercalcemia. Cachexia associated with malignancy 
involves pro-inflammatory cytokine production stimulated 
by PTHrP, an effect that is ameliorated with an anti-PTHrP 
antibody [27]. PTHrP activaUon of the PTHl receptor is in- 
volved in proliferation of tumorigenic breast epithelial cells 
in viu-o [4]. In addition, anti-sen.se or drug-induced blockade 
of ITHrP reduces tumor volume in animals injected with 
certain Uimor cells [12,24,30], and reduces angiogenesis in 
implants of malignant GH3 cells [1]. However, the extent to 
which the PTHl receptor is involved in these latter effects is 
not known; fragments of PTHrP act directly in the nucleus 
[23] and on other, as yet-unidentified receptors [38]. 

PTHl receptor antagonism could provide an alterna- 
tive means to block PTHl lec^tor activation by elevated 
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FFH and PTHrP. Peptide antagonists derived from Rll 
and PTHrP block hypercalceniia induced by infused 
PTH or I*THrP in thyroparathyroidectomized animals 
[7,8,17,18]. However, these ligands were ineftective in 
an animal model of HHM [22] or in human subjccU 
with IWr [32]. However, these latter studies have a 
number of limitations. First, the most-studied ligand, 
BIM-44002 (I Nle**' **,D-Trp",Tyr''']bPTl r(7-34>-NIl2, 
where b is bovine), has a very short plasma half-life 
in rats; no intact ['-■''lJBIM-44002 could he detected in 
plasma 20min after administration, assessed by IIPLC 
[34]. Second, only low doses of BIM-44002 were tested 
in the human study (predicted antagonist: PTH ratio 
of 2:1 [32]). In a mouse model of HHM the dose of 
[n-Trp'2.Tyr^^]bPTH(7-34) and [Tyr3'']bPTH(7-34) was 
a 500-fold excess of a dose of FnirP(l-34) known to 
produce hypercalcemia [22], However, the K, of these lig- 
ands for antagonism of the F1"H1 receptor in ROS 17/2.8 
cells (210 and 2700 nM, respectively [5]) is 3-4 orders 
of magnitude greater than the EC50 of PTHrP(I-34) for 
stimulating cAMP accumulaUon in these cells. Third, 
[D-Trp»2,Tyr^'»]bPTH(7-34) and PTIIrP(7-34) dissociate 
very rapidly from the human . P'mi receptor (ti/2 val- 
ues of about 10 s. calculated from dissociation rate con- 
stants [15]), and likely dissociate more rapidly from the 
rat PTHl receptor given their 30-lOO-fold lower binding 
affinity compared with the human receptor [35]. Rapid an- 
tagonist degradation and dissociation rates, coupled with 
high conccnu-ations of agonist and slow agonist dissocia- 
tion from the receptor [13], might result in considerably 
lower receptor occupancy by the antagonist than pre- 
dicted from a simple equilibrium model. (These kinetic 
considerations might explain, in part, the requirement of 
pre-administration of antagonist peptide in ordca- to detect 
antagonism of injected Fill in thyroparathyroidcctomized 
rodents [8].) A more potent antagonist might demon- 
strate an anii-hypcrcalccmic effect in animal models of 
hypercalcemia. 

High-affinity PTIIl receptor antagonists have been de- 
rived from N-terminal truncation of the PTH2 receptor's en- 
dogenous ligand, tuberoinfundibular peptide of 39 residues 
('nP39) [15.19,41]. bTIP(7-39) binds with high amnity 
to the human FlTIl receptor (6nM), is an order of mag- 
nitude more potent than [D-Trp'2,Tyr'''*]bPTH(7-34) and 
PnirP(7— 34), and dissociates much more slowly from 
ihc receptor (f|/2 of 14min) [15]. The in vivo activity of 
TIP(7-39) will likely be tested in rodents, so the first aim 
of this study was to evaluate the activity of TrP(7-39) 
on the rat PTHl and PTH2 receptors. Included in this 
evaluation was mouse (m) TIP(7-39), differing from the 
bovine sequence by four amino acids in the C-terminal 
portion of the peptide [10]. The second aim was to in- 
vestigate the plasma lifetime of mTIP(7-39), in order to 
evaluate the extent 10 which it could be used to test the 
utility of FIHl receptor antagonism in rodent models of 
hypercalcemia. 



2. Methods 

2. J. Reagents and peptides 

bTIP(7-39). mTIP(7-39) amide, and bTIP were from 
Biomolccules Midwest (Waterloo, n.), and rTyr''']bFm(7- 
34) amide, FrHiP(7-34) amide, and PTHrP(l-34) were 
from Bachem (Torrance, CA). Peptides were dissolved in 
lOmM acetic acid at a concentration of 1 mM. '^^I-labeled 
mTIP(7-39) was prepared by the lactose peroxidase method 
followed by IIPLC purification [14]. l<or i.v. injection, 
aliquols of ['-^IlmnP(7-39) (2-9 x lO^cpm) were dried in 
a vacuum cenuifuge, removing irifiuoroacetic acid (TFA) 
and acetonitrile, then rc -suspended in SOfxI sterile 0-1% 
BSA in saline. Cell culture supplies were from Life Tech- 
nologies (l-rederick, MD). DMEM and Ham's I'-l 1 medium 
were from Medialech (Hemdon, VA). 

2.2. Cell culture and transient expres.sion in COS-7 cells 

COS-7 cells were grown as previously described [6]. 
COS-7 cells were transfected as previously described [6], 
using 10 cm tissue culture dishes and lO^-S of plasmid 
DNA. ITie following day cells were transferred following 
trypsinization to 96-well plates at a density of 50,000 cells 
per well. HEK293 cells stably expressing the cloned hu- 
man PTHl receptor or human PTH2 receptor were grown 
as previously described [40]. ROS 17/2.8 cells were grown 
in tissue-culture flasks in Ham's F-12 medium, 5% fetal 
bovine serum, lOOU/ml penicillin and lOOng/ml strepto- 
mycin. For cAMP accumulation assays ROS 17/2.8 cells 
were transferred 2 days prior to assay into 96-welI plates at 
20,000cells per well. 

2.3. Measurement of cellular levels of cAMP 

Transfected COS-7 cells were treated for BOmin at 
37 "C with SOjil per well cAMP assay buffer (DMIiM 
containing 25 mM HEPES supplemented with 0.1% -. 
USA. 30f*M Ro 20-1724 (RBI, Natick. MA), 100 m-M 
(4-(2-aminoethyl))-benzenesulfonyinouridc (AEBSfO and 
1 |ig/ml baciu-acin). This buffer was then removed and re- 
placed with 40|jl1 fresh buffer. A lOjil volume of buffer 
was then added containing cither PTHrP(l-34) alone or 
PTIIrP(l-34) and antagonist ligand. Ceils were then in- 
cubated for 30min at 37 ^C prior to assay termination by 
addition of 50 jxl O.IN HCl, 0.1 luM CaCl2. 'Hie same pro- 
tocol was used for measurement of cAMP in ROS 17/2.8 
cells, except that the volumes were doubled. cAMP was 
quantified by ELISA [6]. 

2.4. Measurem-ent of equilibrium radioligand binding to 
cell tnembrane preparations 

Membranes woe prepared from HEK293 cells stably- 
expressing the human PTHl receptor or PTH2 receptor 
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[16]. The following were added to polypropylene V-bottom 
96-well plaics (Nunc, Naperville, IL): 25 p-l assay buffer 
(20 mM HEPES, 100 mM NaCl. 1 mM EDTA. 3inM 
MgS04, pll 7.5, supplemented with 0.3% uon-fal dried milk 
powder, IOOmM AEBSF and 1 fi-g/ml bacitracin), 25 m-I 
['23i]mTIP(7-39) in buffer, 25 jil luilabeled ligand in buffer, 
and 50^.1 membrane suspension. Total r'^l]mTIP(7-39) 
binding was mea.sured by replacing unlabeled ligand with 
buffer alone and non-specific binding measured using 1 jxM 
mTIP(7-39). The mixture was incubated at 21 "C for 1 h, 
prior to separation of bound and free radioligand by rapid 
flltralion over MAHV N45 MulUScreen filu-ation plates 
(Millipore, Bedford, MA) [16]. Rlter-bound '^^1 was mea- 
sured in a Wallac 1470 Wizard gamma counter for 1 miii. 
Equilibrium binding of mTIP(7-39) was also measured in 
the presence of rat plasma, using the protocol above, re- 
placing the 25H.1 assay buffer with plasma. FlHl receptor 
binding activity in plasma from rats injected with unla- 
beled mTIP(7-39) was measured using the protocol above, 
: replacing unlabeled ligand with the plasma. The plasma 
binding acUvity in rats injected with [*"rimTIP(7-39) was 
measured by replacing the 25 radioligand in buffer with 
plasma. In this assay total binding and non-specific binding 
were measured, as described, and filters were counted for 
20min due to the low number of counts recovered at later 
time points. In all assays that included plasma, AEBSF and 
bacitracin concentration was raised to 500 pM and 5 ^.g/ml, 
respectively. 

The effect of rat plasma in vitro on ['25i]mTIP(7-39) 
binding to the PTIIl receptor was measiu-ed in a time course 
experiment, Aliquots of 25 nl EDTA-treated plasma (see 
below) or assay buffer were added to 25 \tX aliquots of 
L'25rjmTIP(7-39) in buffer in 0.65 ml siliconized microfuge 
tubes. Tha mixture was prc-incubaied for varying times at 
37 °C and then total and non-specific binding was mea- 
sured in duplicate using 10 p.1 of the mixture as the tracer in 
an equilibrium PTHl receptor binding assay, as desciibed. 
Four conditions were used in the prc-incubation step: (1 ) 
'■ plasma without protease inhibitors; (2) pla.sma with protease 
inhibitors (500 ixM AEBSF, Sp-g/ml bacitracin); (3) assay 
buffer without protease inhibitors; (4) assay buffer with pro- 
tease inhibitors. Initiation of the pre-incubation phase was 
staggered so that the pre-incubation mixture could be added 
simultaneously to the binding assay. Prior to their mixture, 
['^-'^I]mTIP(7-39) in buffer was maintained at room temper- 
ature and rat plasma was maintained at 4 "C. 



2.5. Intravenous injection of peptides into rats 

The animal protocol wa.s approved by the NIMH Ani- 
mal Care and Use Commiucc. Male 300-400 g rats were 
anaesthetized with 0.5mg/kg sodium pentobarbital. Can- 
nulae were fitted into the jugular vein and the dorsal uil 
artery. The anerial line was treated with b^arin (100 U/ml). 
Before injection, 0.5 ml blood was drawn from the artery. 



Peptide was then injected intravenously, eithar 100 jig un- 
labeled mnP(7-39) (dissolved in 25 \l\ water then diluted 
in 1 ml saline) or 15-80 million cpm of ['25l]mTIP(7-39) 
(prepared as described in Section 2.1, diluted in 0.8 ml 
saline). After discarding the first six drops, 0.5 ml blood 
was collected at various times by allowing it to drip from 
the arterial line. Blood was collected into 1.7 ml siliconized 
microfuge mbes containing 15(xl 0.5 M di-sodium EDTA 
pH 8.0 (final conccnu-ation in blood of 15 mM), then cen- 
trifugcd at 1()(X) y. g for lOmin at 4''C. For binding ex- 
periments, plasma was removed and frozen at -20 "C. For 
analysis of ['2''IlmTIP(7-39) in plasma, a plasma aliquot 
was removed for counting of radioactivity and an aliquot 
was immediately treated as described in Section 2.6. 

2.6. Reversed-phase HPLC of plasma from rats injected 
with I / JmTIP(7-39) 

One hundred microliter plasma was treated with 100 jj.1 
8% TFA or with 0.9 ml Bennett's cocktail [2] (I M HCl. 5% 
formic acid, 1% NaQ, and 1% TFA), then maintained at 
4 °C for 10 min before fteezing at -20 °C. After thawing the 
precipitate was removed by centrifugation at 23,000 x g for 
10 nain at 4 "C. The supernatant from the Benueu's solution 
precipitation was loaded directly onto a Vydac C4 column 
pre-equilibraied with 80% buffer A (0. 1 % TFA in H2O)/20% 
buffer B (60% acclonitrile, 0.1% TFA in H2O) at 1 ml/min. 
The supeniatant from TFA precipitation was diluted with 
0.6 mi buffer A and 0.2 ml buffer B before loading onto the 
column. Tlie column run-through was immediately collected 
in fractions of 1 min. After 12 min the column was eluted 
with three sequential linear gradients at 1 ml/min: 20-50% 
B over 1 min; 50-67.5% B over 35 min; 67.5-100% B over 
1 min. One minute fractions w^e collected and radioactivity 
in the enrtre fraction counted. 

2.7. Data analysis 

Concentration -dependence data were analyzed using the 
following four parameter-logistic equation using ftism 2.01 
(GraphPad Software Inc., San Diego, CA): 



1 4. 10^K-X)n 



where X is the logarithm of the ligand concenu-ation, n the 
Hill slope, and K is logECso for cAMP accumulation or 
loglCso for inhibition of radioligand binding. 

Antagonism of agonist-stimulated cAMP accumulation 
was quantified ming the pA^B, the ni^ative logarithm of the 
concentration of antagonist required to produce a two-fold 
increase of agonist BCso: 



pKb = log- 



log [antagonist] 



£Cso(conliol) 

The time course of labeled and unlabeled mTIP(7- 
39) activities in plasma were fitted to the following 
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W2 

mono-exponential and bi-cxponcntial decay functions and 
the best fit determined using a partial f-iest. 

P, = plateau + />-*-" 

P, = plateau +W)e-*-'<'^'^''"" 

where P, is the activity remaining after lime /, P is the initial 
activity, and ik_i is ilie rate constant. In the bi-exponential 
decay function the subscripts (FAS'O and (ST-OW) refer re- 
spectively to the faster and slower indepcndcni exponential 
components. Plateau is the activity level remaining as t ap- 
proaches infinity. In some of the analyses this value was 
fixed at zero. 

Statistical comparison of two means was performed using 
a paired two-tailed Student's /-lest. 



3. Results 

3. 1. Antagonism of rat PTH receptors by bTIP(7-39) and 
mTIP(7-39) 

We previously characterized the in vitro pharmacology of 
b'l'IP39 as an antagonist of the human I'VHl receptor [15]. In 
addition bTlP(7-39) was found to antagonize the rat PTIII 
receptor expressed in COS-7 cells. Here we investigated 
antagonism of rat PTII recq)tors more extensively, since 
Ihc in vivo activity of the antagonist will likely be tested in 
rodents. Mouse 'riP(7-39) was also tested in an attempt to 
identify a higher-potency antagonist. 

I'or the rat PTHl receptor expressed in COS-7 cells. 
bTIP(7-39) and mnP(7-39) produced a rightward shift of 
the PTHrP(l-34) concentration-response curve for stimu- 
lation of cAMP accumuiaUon (Fig. 1 A). The affinity of the 
antagonist was evaluated using the Xb, the concentration 
of antagonist required to produce a two-fold increase of 
PnirP(l-34)'s HCso. mTlP(7-39) was 4.8-fold more po- 
tent as an antagonisl (ATu = 44 nM) than b'nP(7-39) on 
the rat PHI 1 receptor (Table 1 ). The potency of bTIP(7-39) 
for antagonism of the PTl-lrP(l-34) response (210 nM) is 
in good agreement with the previously determined potency 
for antagonism of the KrH(l-34) response (310 nM) [15]. 
PTIIrP(7-34) aiid PrH{7-34) were much less potent lhau 
the TlP(7-39) peptides as aniagoni.sts of the rat PTH I rccq)- 
lora'able 1). The potencies of PTMrP(7-34) and PFI 1(7-34) 
were similar to those reponed previously for the rat WHl 
receptor I25J. llie antagonisl ciVect of m'nP(7-39) was then 
tested on the PTHl receptor endogenously expressed in the 
rat osteosarcoma cell line ROS 17/2.8 (Fig. IB). The Kb 
value of mTlP(7-39) (65 nM) was in good agreement with 
the value for die rat PIHl receptor expressed in C.OS-7 
cells (44 nM) (Table 1). mTIP(7-39) was also a potent an- 
tagonist of the human PTHl receptor expressed in COS-7 
cells (100 nMX although bTIP(7-39) was similarly potent 
to mTIP(7-39) at this receptor (150 iiM, Table 1). unlike at 




-12 -11 -10 -9 -8 -7 -6 -5 -4 
(A) log[PTHrP(1-34)HM) 




(B) Iog[PTHrP(1-34>](M) 




-12 -11 -10 -9 -8 -7 -6 -5 -4 



(C) log[bTIP39)] (M) 

Fig. 1 . Aniagonisi activity of mTn'(7-?9) and bTlP(7-39) on rat 1 1 and 
PTH2 teceptors. Antagonist activity was evaluated by measuring the effect 
of a single concentnilian of peptide on the agoniia conccniration respon.sc 
for stimulalioa of cAMP acciunuUUoD. Antagonist ligamls mTIP(7-39) 
and b'nP(7-39) were tested at a conceiilration of 1 fiM (A) on the rat 
PTHl receptor <>vcr-cxpre.«al in COS-? ocll.%; (B) on Uie rat PlHl.; 
receptor eaik>senau.sly expressed in ROS 17/2.8 cells: and (C) on the • 
rat PT1I2 receptor cxpiusxed in CXJS-7 cells. The agonistt used were 
PTHrP(l-M) for the Prill receptor and bnP39 for the PTH2 receptor. 
Data are normalircd as the percentage of the maximal agonist-.<!pcciric 
response in the absence of antagonise Data points arc the mean d: range 
of duplicate measurement-!, llic expenmente were performed three limes, 
except for the mTIP(7-39) effect on the PTH2 receptor, which was 
performed twice. 



the rat receptor. The selectivity of m'nP(7-39) was tested 
by comparing its antagonist potency for the rat PTHl and 
PT1I2 receptors expressed in COS-7 cells. mTIP(7-39) pro- 
duced a measurable right ward shift of the hTIP39 concentra- 
tion response on ilie rai FrH2; however, die shift for Uie rat 
PTH 1 receptor was much greater than the shift for the PrH2 
receptor (compare data for 1 M concenu-ations in Figs. 1 A 
and C). However, the potency of mTlP(7-39) (940 nM) was 
21 -fold lower than hs potency for antagonizing the rat PITH 
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receptor (Tabic 1). In all of the expcrimcms above, the an- 
tagonists behaved competitively since the maximal agonist 
response was not afTccled (Table 1). These findings indicate 
that mTIP(7-39) is a highly potent and relatively selective 
competitive antagonist of the rat PTHl receptor. 

3.2. In vim effect of rat plasma on the bioactivUy of 
I JmnP(7-39) 



reduction of bioactivily. The rale of this reduction was de- 
termined by fitting the data to a mono-exponential decay 
function, extrapolating the asymptote for specilic binding 
to zero. The rate constant was 0.0085 ± 0.0047 min"' 
(mean ± range, « = 2, ti/2 = 81 min). This indicates the 
bioacUvity of ['25i]niTIP(7-39) is not greatly affected by 
rat plasma in vitro, under conditions in which Ca^"*"- and 
Mg2+ -dependent proteases arc suppressed. 



The next aim was to evaluate the plasma lifetime of 
TIP(7-39). mTIP(7— 39) was used since it was more potcni 
that bTll>(7-39) on the rat PTHl receptor (Table 1). We first 
evaluated the stability of ['-^I]mTIP(7-39) in rat plasma 
in vitto, by measuring its binding to the human FfHl 
receptor in HEK293 cell membranes after pre-incubation 
with rat plasma at 37''C. (r'"nm11P(7-39) binds the 
human PTHl receptor in HEK293 cell membranes with 
a signal-to-background ratio of 5:1, with an affinity of 
3.0 nM. and with a di.s.sociation rate / 1/2 of 6.3 min (data not 
shown).) It .should be noted that in this experiment pla.sma 
was treated with EDTA (15 mM) to prevent clotting, which 
inhibits Ca^+- and Mg2+ -dependent protease activity. 

Pre-incuhation with rat plasma reduced specific binding of 
["■''l]mTIP(7-39) to the FlHl receptor in a time-dependent 
fashion (Fig. 2). The effect was specific for plasma since 
pre-incubation with buffer did not reduce specific radi- 
oligand binding (Pig. 2). Protease inhibitors blocked the 
reduction of binding produced by plasma (i'ig. 2), su-ongly 
suggesting that plasma proteases were responsible for the 




incubation time (min) 

Fig. 2. Time course of ["*l]mTIl'a-39) pla.<!iiui liioactivity in vitro, the 
experiment consisted of two incuhalion.s. In the first. ['"l|mmP(7-39) 
wa.^ incubated with rai plasma or buffer, iu the absence or presence of 
protca.<!c inhibitors, for the indicated times at 37 °C. The mixture was 
llicn used as the tracer in a human VTHl receptor radioligand trinding 
as.say to mcawrc Ihc binding acUviiy remaining aficr the first incubation. 
Radioligand and membranes bearing the human PTIIl receptor were 
incubated at 21 for 1 h in the prcijcnce of protease inhibitors. Specific 
binding was calculated by subtracting non-specific binding, thai measured 
in the pre.vence of 1 \x.M unlabeled mTIP(7-39). Non-.>!poci(ic binding was 
similar when ine.t.<sired using radioligand incubated for 0 or 90 min in the 
first incubation. The mean irange of these two values was 361 ± 18 and 
375 ± 1 4 cpm for pla.<ima without and with protease inhibitors, respective!}; 
and 318 ± 11 and 397 ± 32cpm for buffet without and wiili protca.sc 
inhibitois, respectively. Data paints are the mean ± S£.M. of duplicate 
niea.furemenis. The experiment was poformed twice with similar results 



3.3. In vtvo pUistna stability of l^^^ I ]mTIP(7~39) 

In these experiments ['^I]mTIP(7-39) was injected intra- 
venously into anaeslheti/cd rats. Plasma collected at various 
times was used in three ways: (1) clearance of radioactivity 
was determined by counting an aliquot of plasma; (2) bioac- 
tivily was evaluated using plasma as the radioligand tracer 
in a human PTIIl receptor binding assay; (3) tlie nature of 
radioactivity was analyzed by reversed-phase HPLC, fol- 
lowing precipitation and removal of high-molecular weight 
components. 

Clearance of ['-5l]mTIP(7-39) radioactivity was 
bi-phasic (Fig. 3A, Table 2). The rapid component of the 
time course liicely approximates the rate of radioligand 
absorption «i/2 of 2.9 min, 70% of total activity) and the 
slower rate may represent elimination (ti/2 of 120 min, 
30% of total activity). A radioactive component in plasma 
bound specifically to the PTHl receptor in HEK293 cell 
membranes (Fig. 3B). No binding was observed to mem- 
branes prepared from non-transfccled IIEK293 cells (data 
not shown). Disappearance of this bioaciivity over time 
was bi-phasic. Most PTIIl receptor binding activity was 
removed rapidly (92%. fi/2 of 3.6 min) but a significant 
fraction was removed considerably more slowly (8%, t\/2 of 
21 min). Under the conditions of the binding assay, the level 
of PFHl-rcccpior bound ['"r]mTIP(7-39) is essentially 
linearly proportional to the level in the plasma, because the 
total amount of radioactivity in the assay (6-25 pM) was 
much lower than the Kn of the ligand (I.7nM, mea.sured '. 
in plasma, sec below). As a result, the reduction of PTHl 
recepior binding activity closely approximates the reduction 
of the plasma concentration of bioactivc radioligand. 

HPLC analysis of plasma radioactivity revealed three 
peaks, one in the column run-through and two diuing the 
organic solvent gradiciU (Hg. 3C). Upon chromatography 
of the ['^^I]mTIP(7-39) stock solution used for injection (in 
0-1% bovine serum albumin (BSA)/saline), a small amount 
of radioactivity was detected in the column run-through and 
two peaks eluted from the column in the same fractions 
as those in plasma. Radioacfivity in the run-through likely 
represents low-molecular weight degradation products. The 
first peak eluted during the gradient likely corresponds to 
|'"llmTIP(7-39) since it is eluted at the same position 
as the radioligand purified following iodination. The na- 
ture of the second, smaller peak is not known. It may be 
tlic radioligand in complex with BSA or plasma proteins. 
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Fig. 3. Time course of ('**I]mTIPC7-39) plasma activity in vivo. ['**llmTlP(7-39) w 



into tats (1.1 x 10^ cpm in this experiment), M<iod was 
U tlie indicated time points and the blood cells reiiKwed as described in Section 2.S. (A) lline cours: of '^^1 in rat plasma. Ten microliter plasma 
was counted at each time point 'llic curve is a bi-exponential decay function, which provided a sisniGcantly better til to (he data (_P = O.OOOS) than a 
mono-cxponciitial fiinction. The plateau value wax fixed at zero in this analy.'ii.<i. (B) Tinw course of ''*1 PTHl receptor binding activity. Twenty-five 
microliter pla.sma from rat's injected wilh ('-'nrnTIP(7-39) was incubated with the human PTHl receptor as described in Section 2.4. Non-specific binding 
was measured for plasma from each time point by including 1 \t.M unlabeled inTIP(7-39) and total biudinc was measured in the absence of unlabeled 
ligand. PTI II -receptor bound '-'l was calculated by subtracting non-specific binding from total binding. Due to the low number of counts bound at later 
time points. railio.-icUvity was counted for 20nun. At 80min total binding wii.-; 493 ±6 comits in 20min and noM-.qKciric binding was 385 ± l.S counts 
in 20 min. Data points are the mean ± range of duplicate measurements ferror bars are hidden by the symbols). The curve is a bi-expnnential decay 
function, which provided a significanfly Ijetter fit to the data (P — 0.0095) than a mono-exponential function. The plateau value was fixed at zero in this 
analysis. (C) HPl.C analysis of .supcmatants from plasma treated with Henncif.'i aK;ktaiI. This solution precipitates high-molecular weight components in 
plasma. The supernatant from treated plasma collected at the indicated lime points was analyzed by reversed-pha.se IIPLC, as described in Section 2.6. 
Both the eluted peaks in the chromaiogram of the treated plasma were also identified in the chromatogram of |'2*IlmTlP(7-39) stock (data not shown). 
Data points are single measurements of the entire fraction. (D) Time course of '^^I in eluted peaks of activity. 'ITic curves arc nK>no-cxponcntia] decay 
functions, the bi-exponential lit providing no improvement {P = 0.27 for fraction 2<>-28 peak and P = 0.52 for fraction 35-36 peak). The plateau was 
not fixed in the analysis. The entire experiment was performed three times, except that mcaioircincnt of rcccptor-bound '^I, (H) w 
of the three experiments. Note the logjitithinic scale of the y-axis in A, B and D. 



Measured activity 

Plasma radioactivity 
IIPLC peak 1 radioactivity 
HPLC peak 2 railioactivity 
['^'l]iiiTIl'(7-39) binding activity 
n>TIP(7-39) binding activity 



* i(FAST) (min •> (I 

0.24 ± 0.02 (2.9) 
0.20 ± 0.06 (3.4) 
0.18 ± 0.05 (3.9) 
0.19 ± 0.04 (3.6) 
0.28 ±0.10 (2.5) 



96 i 



* tCSiflW). (min ') (/,/2. nun) 
0.0056 ± 0.0012 (120) 



4 ± 1 



^ The antagoni.sl was injected intravenously into rats. The dose of ['^'llmTIP(7-39) wa.s between 1.4 x lO' and 8.1 x lO'' cpm (31-180ng/kg) and the 
dose of unlabeled antagoni.st was 2.50p.g/kg. Radioactivity and bioactivity wore moa"iured a."! described Hgs. 3 and 4 and in Section 2. The time cour.sc 
data were desicribed by a bi-expouenlial decay function, except for the clearance of HPLC peak activity, which was de.scribed by a mono-exponential 
function. 'ITic bi-exponential fiinclion is dehued by two rate constauls (k. hpast) and /t ustow)) and by the proportions of the total activity thai decays at 
these rates (P(fast) and P(si,ow). respecUvely). Values ate the mean±S£.M. from three experiments, except for the binding activity of ['-'l|mTIP(7-39) 
where the values arc the mean ± range from two experiments. 
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Fig. 4. Time coune of unlabeled m nH(7-39) plasma bioactivily iu vivo. 
(A) Inhibition of l'^'l]mTIl»(7-3<)) binding to PTHI and PTHa receptors 
by plasitn from rats injected with m riP(7-.^9). m ni\7-39) was iujected 
into rals intravenously (250M.g/kg). blood was collected at the indicated 
time point.*: and the blood oell.i removed a.s described in Section 2..'>. The 
bioactivity visli evaluated by measuring the ability of 25 (lI of the plasna 
samples to inhibit ( '"HinTIPf7-39> bintUng to the human PTIU or PTH2 
receptor in HEK293 cell membranes (iu a touil volume of 125 |il). The 
PTM2 receptor was included to asxcus the pharmacological specificity of 
the pUvma activity. Data were normaliseed as the percenuge inhibition of 
specific binding mea.<!urcd in the presence of plfuima drawn froin the rat 
in±S.K.M. of 



prior to injection of mTIP(7-39). Data points arc the m 
data from three independent experiment!!. In each experiment triplicate 
mcaiiuretnents of binding inhibiUon were made for a single plasma sample 
ai each time point. (B) StandanI curve of inhibition of ['2Sl]mTIP(7-39) 
binding to human PTHI and Pni2 receptors by mTIPf7-39) in the 
|»e!!enuc of pla.«:ma. mnPf7-39) was diluted in rat plosrna (from an 
animal not injected with the peptide) and assstyed as described above. 
Data points are the mean ± range from two independent experiments. 
The -loglCso value fix m'nP(7-39) was 8.77 ± 0.07 for the PTHI 
receptor and 7.84 ±0.05 for the PTH2 receptor. (O Time course of the 
calculated plasma concentraUon of mTlP(7-39). The standard curve for 
the PIHl receptor, (B) was used to calculate the effective concentration 
of m nP(7-39) in the plasma from rats injected with the peptide (A). Ilic 
curve is a bi-cxponcntial decay function, whicli provided a signiliuanlly 
better lit to the data (P < 0.0001) than a mono-exponenUal function in 
each of three assays. 'Ihc plateau value was fixed at zero in these analyses. 
Average values of the fitted parameters arc given in Tabic 2. Data points 
are the inean±SJI.M. of data from throe independent experiments. Note 
the logarithmic sutle of the y-axis. 



The time course of the disappearance of Uiese peaks is 
shown in l-'ig. 3C aiid D. Disappearance of (he peak corre- 
sponding to free intact r'-^l]mTlP(7-39) (fractions 26-28) 
was described by a mono-cxpoiicntial decay function (/1/2 
of 3.4 min. Fig' 3D, Tabic 2). A similar lime course de- 
scribed the disappearance of the second peak elutcd from 
the column (fi/2 of 3.9 min Fig. 3D, Table 2). The activity 
in the column run-through increased then reached a plateau 
at 12inin (I'lg. 3C). 



3.4. In V 



o plasma stability of unlabeled mTlP{7~39) 



Bioactivity of the unlabeled antagonist was evaluated in 
plasma samples taken from anaesthetized rats at viyious 
times following intravenous administration of a single dose 
of mTIP(7-39) (250 jjtg/kg). Bioactivity was measured as 
ihe ability of the plasma sample to inhibit l'25jjmTIP(7-39) 
binding to the human PTHI receptor in IIEK293 cell mem- 
branes. 

PTHI receptor binding activity decreased with time after 
injection of the peptide (Fig. 4A). Significant binding activ- 
ity could still be detected at 80 min (Fig. 4A). The pharma- 
cological specificity of the binding activity was evaluated 
by measuring its ability to block ['^I]mTIP(7-39) binding 
to Ihe human PTH2 receptor. mTlP(7-39) binds with lower 
affinity to Ihc Pni2 receptor (14nM versus 1.7 nM for the 
PTHI receptor, mca.sured in the presence of plasma for both 
receptors (Fig. 4B)). The binding activity in plasma was 
less ciTcctivc at inhibiting ['^IlmTIP(7-39) binding to the 
PTH2 receptor dian the FFHl receptor, at each time point 
tested. The pharmacological selectivity of the plasma bind- 
ing activity is UiCTefore similar to that of mTIP(7-39). 

The plasma concentration of the binding activity was cal- 
culated using the percentage inhibition values (Fig. 4A) and 
the standard curve for mTIP(7-39) binding to the PTHI 
receptor (Fig. 4B). This analysis assumes that the activity 
in plasma binds with the same affinity to the FfHl recep- 
tor as mTIP(7-39). A dilution of plasma was used such 
that the level of inhibition was in the sensitive range of the 
mTlP(7-39) standard curve (between 10 and 90% inhibi- 
tion). Fortunately, the level of inhibition at all time points 
was within this range using the same dilution of plasma 
(25 M-l in a total assay volume of 125 \iX). The time course of 
the binding activity was described by a bi -exponential decay 
function (Fig. 4C, Table 2). Most of the binding activity was 
reduced rapidly (n/2 of 2.5 min). A fraction of the activity 
(4%) was lost at a slower rate (/1/2 of 20 min). These values 
arc very similar to tho.se for the disappearance of injected 
['25t]mTIP(7-39) bioactivity (Table 2). 



We have previously shown that bi"IP(7-39) is a 
high-afflnity PTHI recqjtor antagonist in vitro [15]. The 
in vivo pharmacological properties of riP(7-39) will likely 
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be evaluated in rodents. Therefore, we evaluated antagonist 
activity of TIP(7-39) on the rat FTIIl and PT1I2 receptors, 
and investigated the plasma stability of the antagonist. 

Recently, the sequence of mouse 'nP39 was identified in 
genomic sequence [10]. mTIP(7-39) was synthesized and 
its antagonist activity compared with Uial of bTlP(7-39). On 
the rat PTIH receptor mnP(7-39) was 4.8-fold more potent 
then bTIP(7-39) in antagonizing P'rilrP(l-34)-stimulaled 
cAMP acaimulation (I 'ig. lA, Table 1). mTIP(7-39) differs 
from the bovine sequence at four positions in the C-terminal 
portion of the molecule; in mTIP39, Arg replaces His24 
of the bovine sequence. Asp replaces Asn27, Gin replaces 
His 31 and Leu replaces Val35. ITie mechanism imderly- 
ing the increase of affinity likely involves one or more of 
the substitutions increasing the affinity of TJP(7-39) for 
the large N-terminal extracellular domain of the recep- 
tor: N-terminally-tUHicalcd fragments of PTII have been 
shown to interact with this region of the receptor 120J, 
and TIP(7-39) shares significant sequence homology [42] 
and a highly similar secondary structure [28] with PTH. 
mTlP(7-39) is also selective for the Pl'Hl receptor— it's 
antagonist potency on the rat PTH2 receptor was 21 -fold 
lower (Fig. 1, Table 1). 

The bioactiviiy of ['2''l]mTIP(7-39) in plasma was first 
tested in vitro. I'reviously plasma has been shown to block 
the PTHl -receptor antagonist activity of a PI'HrP(7-34) 
analogue, probably resulting from interaction with a plasma 
protein [22]. In this study prc-incubation with rat plasma 
at 37 "C slowly reduced ["Si]mTIP(7-39) binding to the 
PTHl receptor (0/2 of 81 min), likely due to the action of 
serum proteases (Fig. 2). The bioaclivity of- mTIP(7-39) 
is therefore, relatively stable in rat plasma in vitro. We 
then tested the activity of both radiolabeled and unlabeled 
m'nP(7-39) in vivo, following intravenous administration 
into raus. Following injecuon of ['25ijmTlP(7-39), the ra- 
dioactivity was cleared in a bi-phasic fashion, with a rapid 
rate of absorption (/i/o of 2.9 min) and a slower rate likely 
corresponding to elimination (/1/2 of 120 min (Fig. 3A, 
Table 2). | '25r|mTIP(7-39) bioaclivity (PTIll receptor 
binding) was also cleared from plasma in a bi-phasic fa-sh- 
ion (Fig. 3B). Most of the activity was removed rapidly 
(92%, I1/2 = 3.6 min) but a significant fraction was cleared 
more slowly (8%, ti/2 = 21 min). These kinetics were veri- 
fied by the almost identical clearance parameters obtained 
for the binding activity of unlabeled mTIP(7-39) (Fig. 4C, 
Tabic 2). 

Reverscd-phasc IIPLC was used to determine the nature 
of the radioactive components in plasma taken from rats in- 
jected with ['25i]mTlP(7-39). Before loading onto the col- 
umn, plasma was first u-eated to precipitate high-molecular 
weight material, which would otherwise have been pre- 
cipitated by the organic phase during chromatography. 
'ITA was initially used for this purpose (at 4% (v/v) fi- 
nal concenu-ation) but a greater recovery of radioactivity 
was obtained using Bennett's cocktail [2]. With increas- 
ing time after adminisu-afion, the peak corresponding to 
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intact ['-^I]mTIP(7-39) decreased, with a /1/2 of 3.4 min 
(Fig. 3C and D). The radioactivity in the column run-through 
increased over 2-1 2 min then reached a plateau (Fig. 3C). 
These observations suggest that the radioligand is degraded 
during the time course, explaining the reduction of bioac- 
livity. However, the time course of removal of free intact 
['^^I]mTIP(7-39) was mono-exponential, in contrast to 
the bi-exponenUal removal of ['2''lJmTIP(7-39) binding 
activity. The rate of the former was similar to the faster 
rate of the latter. The more slowly removed component 
of binding activity might therefore, be in the 'IVA- or 
Bennetts' s cocktail-precipitate (and so would not be de- 
tected by HPLC), possibly represenung ['25l]mnP(7-39) 
in complex with a plasma protein. This possibility requires 
further investigation. 

In this study, we identified mnP(7-39) as a high-affinity, 
selective antagonist of the rat PTIll receptor. This high atfin- 
ily should be useful for detecting any anli-hypercalcemic 
effect of the Itgand in animal models of hypercalcemia. 
However, rapid clearance of mTlP(7-39) suggests that 
continuous administration will be required to detect an 
anti-hypercalcemic effect. A fraction of m'nP(7-39) bind- 
ing activity was removed more slowly, which should aid 
in accomplishing efriectivc plasma concentrations of the 
antagonist. 
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ANTIBODY AGAINST HUMAN 
PARATHORMONE RELATED PEPTIDES 

TECHNICAL FIELD 

The present invention relates to a human/mouse chimeric 
antibody comprising a variable region (V region) of a mouse 
monoclonal antibody against a parathyroid hormone related 
protein and a constant region (C region) of a human 
antibody, a humanized antibody in which complementarity 
determining regions of the light chain (L chain) and heavy 
chain (H chain) V regions of a mouse monoclonal antibody 
against a parathyroid hormone related protein (PTHrP) are 
grafted to a human antibody, the L and H chains of said 
antibody, as well as a polypeptide comprising the V region 
constituting the L or H chain of said antibody. 

The present invention also relates to a DNA comprising a 
base sequence coding for the above nitiilidiKtl aiilihody, 
particularly its V region, and a DNA coiling loi an I, or 11 
chain comprising the V region. Further, the present inven- 
tion relates to a recombinant vector comprising said DNA 
and a host transformed with said vector. 

Furthermore, the present invention relates to processes for 
preparing the chimeric and humanized antibodies against a 
PTHrP. Still further, the present invention relates to a 
pharmaceutical composition, and hypercalcemia- 
suppressing or hypophosphatemia-improving agent com- 
prising the antibody against a PTHrP as an effective ingre- 

BACKGROUND OF THE INVEN TION 

Hypercalcemia associated with mahgnant tumor is a 
serious complicated symptom found in 5 to 20% of the 
whole patients suffering from malignant tumor and is con- 
sidered to be a terminal symptom of malignant tiunor since 
it certainly leads to death if it is left as it is. Control of 
hypercalcemia may greatly affect the prognosis and QOL 
(quality of life) of a patient; therefore, it will clinically play 
a significant role. 

Generally, hypercalcemia in patients suffering from 
malignant tumor is roughly classified between HHM 
(humoral hypercalcemia of malignancy) based on tumor- 
producing humoral bone resorption factors and LOH (local 
osteolytic hypercalcemia) based on local action of tumor 
transferred or infiltrated to the bone. In HHM, it is believed 
that bone resorption or osteoclasis is promoted to increase 
the flow of calcium and produces hypercalcemia in coop- 
eration with the reduced renal calcium-excreting ability (S. 
Wada and N. Nagata, Internal Medicine, 69, 644-648). 

Hypercalcemia is considered to exhibit its symptoms 
when the concentration of calcium in the serum exceeds 12 
mg/dl; as its symptoms, anorexia (inappetence), nausea and 
emesis (vomiting) are non-specificaUy observed at the early 
stage in patients suffering from malignant tumor. When 
hypercalcemia is worsened, the reduction of water- 
concentrating ability due to lesion of the renal distal tubules 
leads to hyperuresis (polyuria) and anorexia and nausea will 
be accompanied with dehydration due to insufficient uptake 
of water. 

As humoral factors causing HHM among the hypercal- 
cemia associated with mafignant tumor, Moseley, J. M. et al. 
found parathyroid hormone related protein (hereinafter 
referred to as "PTIIrP") which are substances fike parathy- 
roid hormone (PTH): Proc. Natl. Acad. Sci. USA (1987) 84, 
5048-5052. 



)3,194 Bl 

2 

Thereafter, a gene coding for PTHrP was isolated (Suva, 
L. J. et al.. Science (1987) 237, 893) and it was elucidated 
from its analysis that there are three kinds of human PTHrPs 
having 139, 141 and 173 amino acids due to alternative 

5 splicing of the gene and that various fragments are present 
in the blood due to restricted degradation of PTHrP (1-139) 
having the whole structure: Baba, H., Clinical Calcium 
(1995) 5, 229-223. In PTHrP 8 amino acids of the 
N-terminal 13 amino acids are identical with those in PTH 

10 and it is deduced that the amino acid site at position 14 to 
position 34 has a steric structure similar to PTH as well; 
thus, PTHrP and PTH bind to a common PTH/PTHrP 
receptor at least in the N-terminal region: Jueppner, H. et al.. 
Science (1991) 254, 1024-1026; Abou-Samra, A-B. et al, 

IS Proc. Natl. Acad. Sci. USA (1992) 89, 2732-2736. 

PTHrP is reported to be produced in a variety of tumoral 
tissues and it has been elucidated that not only in tumors, 
PTHrP is also produced in various normal tissues of from 
fetuses to adults, including skin, central nervous system, 

^0 uterus, placenta, lactating mammary gland, thyroid gland, 
parathyroid gland, adrenal gland, liver, kidney and urinary 
bladder: Burtis, W. J., Clin. Chem. (1992) 38, 2171-2183; 
Stewart, A. F. & Broadus, A. E., J. Clin. Endocrinol. (1991) 
71, 1410-1414. Further, PTHrP is considered to play an 

25 important role in the metabolic regulation of calcium which 
is maintained at a higher level in the fetal to newborn period 
than in the mother. 

PTH/PTHrP receptors are known to be present mainly in 
the bone and kidney (C. Shigeno, Clinical Calcium (1995) 5, 
355-359) and to activate plural intracellular signal trans- 
mission systems by binding of PTHrP to the receptors. One 
of them is adenylate cyclase and the other is phospholipase 
C. Activation of adenylate cyclase increases the concentra- 
tion of intracellular cAMP to activate protein kinase A. 

'■^ Phospholipase C decomposes phosphatidyhnositol 4,5- 
bisphosphonate to produce inositol 1,4,5-triphosphonate and 
diacylglycerol. G-protein is involved in these signal trans- 
mission systems: Coleman, D. T. et al.. Biochemical mecha- 
nisms of parathyroid hormone action. In: "The parathyroids" 
(Bilezikian, J. P. et al.), Raven Press, New York (1994) page 
239. 

Through these signal transmission systems, PTHrP causes 
hypercalcemia, hypophosphatemia, decrease of renal 
phosphatc-rcsorbing ability, increase of renal cAMP- 
excretion and the like which are observed in HHM. 

Thus, it has been elucidated that PTHrP is closely related 
to hypercalcemia associated with malignant tumor. In the 
treatment of hypercalcemia associated with malignant 

50 tumor, calcitonin, steroid agents, indomethacin, inorganic 
phosphate salts, bisphosphonates and the like are used, as 
well as fluid replacement. However, these agents may show 
reduction of their effects upon consecutive use, some serious 
side-effects, or slow expression of their pharmacological 

55 effects; accordingly, use of agents or drugs which have 
higher therapeutic effects and less side-effects is highly 
expected. 

On the other hand, as a new attempt to treat hypercalce- 
mia associated with malignant tumor, Kukreja, S. C. et al. 

60 reported that when a neutralizing antiserum against PTHrP 
was administered to athymic mice in which human lung or 
larynx cancer cells had been transplanted to generate 
hypercalcemia, the blood calcium concentration and urinary 
cAMP level were reduced: J. Clin. Invest. (1988) 82, 

65 1798-1802. Kanji Sato et al. reported that when an antibody 
against PTHrP (l-34) was administered to nude mice to 
which a PTHrP-producing human tumor was transplanted. 
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the hypercalcemia was reduced and the viable time period of 
the mice was greatly prolonged: J. bone & Mine. Res. (1993) 
8, 849-860. Further, Japanese Patent AppUcation Laid Open 
Publication No. 4-228089 discloses mouse/human chimeric 
antibodies against human PTHrP (1-34). 

Mouse monoclonal antibodies are highly immunogenic 
(sometimes also referred to as "antigenic") in humans, 
which limits the medical therapeutic values of the mouse 
monoclonal antibodies in humans. For instance, a mouse 
antibody may be metabolized as a foreign matter when 
administered to a human; therefore, the half-life of the 
mouse antibody is relatively short in humans and its 
expected effects are not suflBciently exhibited. Further, 
human anti-mouse antibodies. (HAMA) raised against the 
administered mouse antibody may cause immune responses 
which are inconvenient and dangerous to patients, such as 
serum diseases and other allergic reactions. Accordingly, 
mouse monoclonal antibodies can not frequently be admin- 
istered to humans. 

In order to solve these problems, methods for reducing the 
immunogenicity of non-human derived antibodies, for 
example, mouse-derived monoclonal antibodies have been 
developed. One of these methods is to make a chimeric 
antibody in which the variable-region (V region) is derived 
from a mouse monoclonal antibody and Ihc constant region 
(C region) is derived from an apprt)priatc human antibody. 

Since the resulting chimeric antibody has the intact vari- 
able region of the original mouse antibody, it can be 
expected that the chimeric antibody may bind to an antigen 
with the same specificity as the original mouse antibody. 
Further, such a chimeric antibody has a substantially 
reduced proportion of an amino acid sequence derived from 
a non-human animal; therefore, it is anticipated to have a 
lower immunogenicity as compared with the original mouse 
antibody. Although the chimeric antibody binds to its anti- 
gen equivalently with the original mouse monoclonal anti- 
body while showing a lower immunogenicity, some immune 
responses to the mouse variable region may still be possibly 
generated: LoBuglio, A. F. et al, Proc. Natl. Acad. Sci. USA, 
86, 4220-4224, 1 989. 

A second method for reducing the immunogenicity of 
mouse antibodies is still more complicated but expected to 
further greatly reduce the potential immunogenicity of the 
mouse antibodies. In this method, only the complementarity 
determining regions (CDRs) of the variable region of a 
mouse antibody are grafted to a human variable region to 
create a "reshaped" human variable region. If required, a 
partial amino acid sequence of a framework region (FR) 
supporting the CDRs in a variable region of a mouse 
antibody may be grafted to a human variable region in order 
to make the structure of CDRs in the reshaped human 
variable region closer to that of the original mouse antibody. 

Then, these humanized, reshaped human variable regions 
are combined with human constant regions. In the finally 
reshaped, humanized antibody, the portions derived from 
non-human amino acid sequences are only CDRs and a very 
small part of FR. The CDRs are composed of a hypervari- 
able amino acid sequence and these do not show any 
species-specific sequences. Therefore, a humanized anti- 
body comprising mouse CDRs will no longer have any 
stronger immunogenicity than a naturally occurring human 
antibody containing human CDRs. 

With respect to humanized antibodies, further reference 
should be made to Riechmann, L. et al.. Nature, 332, 
323-327, 1988; Verhoeye, M. et al.. Science, 239, 
1534-1536, 1988; Kettleborough, C. A. et al.. Protein 
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Engng., 4, 773-783, 1991; Maeda, H. et al., Human Anti- 
bodies and Hybridoma, 2, 124-134, 1991; Gorman, S. D. et 
al., Proc. Natl. Acad. Sci. USA, 88, 4181-4185, 1991; 
Tempest, R R. et al., Bio/Technology, 9, 266-271, 1991; Co, 

5 M. S. et al., Proc. Natl. Acad. Sci. USA, 88, 2869-2873, 
1991; Carter, P et al, Proc. Natl. Acad. Sci. USA, 89, 
4285^289, 1992; Co, M. S. et al., J. Immunol, 148, 
1149-1154 1992; and Sato, K. et al., Cancer Res., 53, 
851-856, 1993. 

Although humanized antibodies are expected to be useful 
for therapeutic purposes as previously mentioned, no 
humanized antibody against PTHrP has been known nor 
suggested in the aforementioned references. Further, there is 
no standardized means generally applicable to any antibod- 
ies in the process for preparing humanized antibodies; 

^-"^ various means and methods are necessary to make a human- 
ized antibody exhibiting a sufficient binding, neutralizing 
activity to a specific antigen: see, for example, Sato, K. et al., 
Cancer Res., 53, 851-856, 1993. 

DISCLOSURE OF THE INVENTION 
It is an object of the present invention to provide a 
human/mouse chimeric antibody comprising a variable 
region (V region) of a mouse monoclonal antibody against 
PTHrP and a constant region (C region) of a human 

25 antibody, a humanized antibody in which complementarity 
determiningregionsofV regions of the light chain (I. chain) 
and heavy chain (H chain) of a mouse monoclonal antibody 
against PTHrP are grafted to a human antibody, Ihc 1, and H 
chains of said antibody, as well as a polypeptide comprising 
the V region constituting the L or II chain oi' said antibody. 

It is another object of the prcscnl invention lo provide a 
DNA comprising a base sequence cc)ding for Ihc above 
mentioned antibody, particularly its V region, and a DNA 
coding for an L or H chain comprising a polypeptide 

2j comprising the V region. Slill anolhcr ohjcci ol' Ihc present 
invention is to provide a recombinant vector comprising said 
DNA and a host transformed with said vector. Further, an 
object of the present invention is to provide processes for 
preparing the chimeric and humanized antibodies against 
PTHrP. Il is a slill another object of the present invention to 
provide an antibody against PTHrP having a high neutral- 
izing activity. A still further object of the present invention 
is to provide a pharmaceutical composition, and 
hypercalcemia-suppressing, hjfpophosphatemia-improving 
or alkalosis-improving agent comprising the antibody or 
humanized antibody against PTHrP as an effective ingredi- 
ent. 

As a result of the energetic study with a view to the above 
mentioned objects, the present inventors have successfully 

jQ obtained an antibody in which the immunogenicity of mouse 
monoclonal antibodies against PTHrP is reduced in humans; 
thus, the present invention has been accomplished. 

The present invention is directed to a chimeric L chain 
comprising an L chain C region of a human antibody and an 

55 L chain V region of a mouse monoclonal antibody against 
PTHrP. The L chain V region includes one comprising an 
amino acid sequence as shown in SEQ ID NO:45 and the L 
chain C region includes a C>\, region. 

The present invention is also directed to a chimeric H 

60 chain comprising an II chain C region of a human antibody 
and an H chain V region of a mouse monoclonal antibody 
against PTHrP. The H chain V region includes one com- 
prising an amino acid sequence as shown in SEQ ID NO: 46 
and the C region includes a Ck region. 

65 Further, the present invention is directed to a chimeric 
monoclonal antibody against PTHrP comprising said chi- 
meric L chain and said chimeric H chain. 
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Still further, the present invention includes a polypeptide 
comprising an L chain V region of a humanized antibody 
comprising framework regions 1 to 4 of an L chain V region 
of a human antibody and complementarity determining 
regions 1 to 3 of an L chain V region of a mouse monoclonal 5 
antibody against PTHrP. The complementarity determining 
regions 1 to 3 include those comprising amino acid 
sequences as shown in SEQ ID NOs: 59-61, respectively; 
the framework regions 1 to 3 include those derived from tlie 
framework regions 1 to 3 of human antibody HSU03868, lO 
respectively, and the framework region 4 includes one 
derived from the framework region 4 of human antibody 
S25755; or the framework regions 1 to 3 include those 
substantially identical with the framework regions 1 to 3 of 
human antibody HSU03868, respectively, and the frame- is 
work region 4 includes one substantially identical with the 
framework region 4 of human antibody S25755. 

The term "substantially identical" as used herein means 
that the framework regions of the human antibody used in a 
humanized antibody may have a deletion, replacement and/ 20 
or addition of amino acid(s) required to form the comple- 
mentarity determining regions of a mouse monoclonal anti- 
body such that the humanized antibody should have an 
activity equivalent to that of the mouse monoclonal anti- 

Thus, the present invention is concerned with a polypep- 
tide comprising an L chain V region of a humanized anti- 
body wherein in the framework regions the 36th and 49th 
amino acids in accordance with Rabat's prescription (Kabat, 
E. A. et al., US Dept. Health and Human Services, US ^° 
Government Printing Offices, 1991) are tyrosine and aspar- 
tic acid, respectively. 

The present invention is also directed to a polypeptide 
comprising an L chain V region of a humanized antibody 
comprising an amino acid sequence as shown in any of SEQ 
ID NOs:48-51. 

Further, the present invention is directed to a polypeptide 
comprising an L chain V region of a humanized antibody 
wherein the 45th and 87th amino acids in accordance with 
Rabat's prescription in the framework regions are lysine and 
isoleucine, respectively. 

Still fiirther, the present invention is directed to a polypep- 
tide comprising an L chain V region of a humanized anti- 
body comprising an amino acid sequence as shown in any of 45 
SEQ ID NOs: 52-55. 

The present invention is further concerned with a 
polypeptide comprising an H chain V region of a humanized 
antibody comprising framework regions 1 to 4 of an H chain 
V region of a human antibody and complementarity deter- 50 
mining regions 1 to 3 of an H chain V region of a mouse 
monoclonal antibody against a human PTHrP. The comple- 
mentarity determining regions 1 to 3 include those compris- 
ing amino acid sequences as shown in SEQ ID NOs:62-64, 
respectively, the framework regions 1 to 4 include those 55 
derived from framework regions 1 to 4 of a human antibody 
belonging to human subgroup 111 (Human Subgroup III 
(HSG 111), Kabat, E. A. et al, US Dept. Health and Human 
Services, US Government Printing Offices, 1991), more 
particularly those derived from the framework regions 1 to so 
4 of human antibody S31679, respectively, or those sub- 
stantially identical with the framework regions 1 to 4 of 
human antibody S31679, respectively. 

Also, the present invention is concerned with a polypep- 
tide comprising an II chain V region of a humanized 65 
antibody comprising the amino acid sequence as shown in 
SEQ ID NO:56. 
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The present invention is also concerned with an L chain 
of a humanized antibody against a human PTHrP comprising 
a polypeptide comprising an L chain V region of said 
humanized antibody and a polypeptide comprising an L 
chain C region of a human antibody. The C region includes 
a Ck region, the framework regions 1 to 3 include those 
substantially identical with the framework regions 1 to 3 of 
human antibody HSU03868, respectively, the framework 
region 4 includes one substantially identical with the frame- 
work region 4 of human antibody S25755, and the amino 
acid sequences of the complementarity determining regions 
1 to 3 include those represented by SEQ ID NOs:59-61, 
respectively. 

Further, the present invention is also concerned with an H 
chain of a humanized antibody against a human PTHrP 
comprising polypeptides comprising an H chain C region 
and H chain V region of said human antibody. The C region 
includes a Cyl region, the framework regions 1 to 4 include 
those derived from the framework regions 1 to 4 derived 
from a human antibody belonging to HSGlll, and the 
complementarity determining regions 1 to 3 include those 
comprising the amino acid sequences as shown in SEQ ID 
NOs:62-64, respectively. 

Still further, the present invention is also concerned with 
an anti-PTHrP antibody with a weak antigenicity and a high 
neutralizing activity. The PTHrP antibody includes a human 
antibody, a humanized antibody, a chimeric antibody and a 
primatized antibody, which may be utilized in the treatment 
of human diseases. The antibody has a low dissociation 
constant. Further, the antibody of the present invention has 
a high neutralizing activity due to its low dissociation 
constant and, therefore, can be utilized for the treatment of 
human diseases. 

The antibody of the present invention has a dissociation 
constant of 1.86x10"^ [M] or less, a dissociation rate con- 
stant of 1.22x10"^ [1/Sec] or less, and an association rate 
constant of 6.55x10^ [1/M.Sec] or more. These constants 
may be measured by Scatchard analysis using RI labeled 
ligands or Surface plasmon resonance sensor. 

The present invention is further directed to a DNA com- 
prising a base sequence coding for an L chain V region or H 
chain V region of a mouse monoclonal antibody against a 
himian PTHrP. The L chain V region and H chain V region 
include those comprising the amino acid sequence as shown 
in SEQ ID NOs:45-46, respectively, the DNA comprising a 
base sequence coding for the L chain V region includes, for 
example, one represented by SEQ ID NO: 65, and the DNA 
comprising a base sequence coding for the H chain V region 
includes one represented by SEQ ID NO:57. 

Further, the present invention is also directed to a DNA 
coding for said chimeric L or H chain. The DNA coding for 
said L chain includes, for example, one comprising the base 
sequence as shown in SEQ ID NO:65 and the DNA coding 
for said H chain includes one comprising the base sequence 
as shown in SEQ ID NO:57. 

StiU further, the present invention is also directed to a 
DNA comprising a base sequence coding for an L chain V 
region or H chain V region of said humanized antibody. The 
DNA comprising a base sequence coding for the L chain V 
region includes one comprising the base sequence as shown 
in any of SEQ ID NOs:66-74 and the DNA comprising a 
base sequence coding for the H chain V region includes one 
represented by SEQ ID NO:58. 

The present invention also relates to a DNA for an L chain 
V region of a humanized antibody comprising a base 
sequence coding for the amino acid sequence as shown in 
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any of SEQ ID NOs:47-55. Said DNA includes one com- 
prising the base sequence as shown in any of SEQ ID 
NOs:66-74. 

Still further, the present invention relates to a DNA for an 
H chain V region of a humanized antibody coding for the 
amino acid sequence as shown in SEQ ID NQ:56. Said DNA 
includes one comprising the base sequence as shown in SEQ 
ID NO:58. 

The present invention further relates to a recombinant 
vector comprising any of said DNAs. 

The present invention still further relates to a transformant 
transformed with said recombinant vector. 

Also, the present invention relates to a process for pre- 
paring a chimeric or humanized antibody against a human 
parathyroid hormone related protein comprising cultivating 
said transformant and collecting a chimeric or humanized 
antibody against a human parathyroid hormone related pro- 
tein from the resulting culture. 

Still further, the present invention also relates to a phar- 
maceutical composition, or hypercalcemia-suppressing or 
hypophosphatemia-improving agent comprising said anti- 
body as an effective ingredient. The calcemia is caused by 
malignant tumor and the hypophosphatemia is often 
observed in patients suffering from hypercalcemia associ- 
ated with malignant tumor. Thus, the antibody of the present 
invention can be used in the treatment of the maJignant 
tumor or in the improvement of hypercalcemia or hypo- 
phosphatemia symptoms. The malignant tumor may include, 
but not limited to, at least one selected from the group 
consisting of pancreas, lung, pharynx, larynx, tongue, 
gingiva, esophagus, stomach, biliary duct, breast, kidney, 
urinary bladder, uterus and prostate cancers, and malignant 
lymphoma. The hypercalcemia-suppressing agent of the 
present invention can be applicable to any malignant tumor 
which may cause hypercalcemia. 

The present invention will be described in detail herein- 

1. Production of Mouse Monoclonal Antibodies Against 
Human PTHrP 

Mouse monoclonal antibodies against PTHrP may be 
prepared by preparing hybridomas through cell fusion 
between myeloma cells and antibody-producing cells 
derived from animals immunized with the antigen and 
selecting clones producing antibodies specifically inhibiting 
the PTHrP activity from the resulting hybridomas. 

(1) Preparation of Antigens 

PTHrP used for the immunization of animals includes 
peptides having the whole or part of the amino acid sequence 
of PTHrP prepared by recombinant DNA technology or 
chemical synthesis, and PTHrP derived from supematants of 
cancer cells causing hypercalcemia. For example, a peptide 
[PTHrP(l-34)] comprising the 1st to 34th amino acids of the 
known PTHrP (Kemp, B. E. et al., Science (1987) 238, 
1568-1570) may be used as the antigen. The human PTHrP 
(1-34) has an amino acid sequence as shown in SEQ ID 
NO:75. 

The resultant PTHrP is attached to a carrier protein such 
as thyroglobulin followed by addition of an adjuvant. Any 
adjuvant may be mixed, including Freund's complete and 
incomplete adjuvants. 

(2) Immunization and Collection of Antibody Producing 
CeUs 

The above resultant antigen is admitustered to a mammal, 
such as mouse, rat, horse, monkey, rabbit, goat or sheep. 
Immunization may be carried out by any known methods, 
including intravenous, subcutaneous and intraperitoneal 
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injections. Intervals of injections for immtmization are not 
particularly limited and may be a few days to a few weeks, 
preferably 4 to 21 days. 

Two or three days after final immunization, antibody 
5 producing cells are collected. The antibody producing cells 
include spleen, lymph node and peripheral blood cells; 
generally, spleen cells are utilized. The single dose amount 
of antigen used for immunization is 100 fig per mouse. 

(3) Determination of Antibody Titers 

10 In order to determine the immune response levels of 
immunized animals and select hybrodomas of interest from 
the cells subjected to cell fusion treatment, the antibody titer 
in the blood of the immunized animal or the antibody titer 
in the supernatant of the antibody producing cells is mea- 

Methods for detecting the antibodies are known, includ- 
ing EIA (enzyme immunoassay), RIA (radio immunoassay), 
and ELISA (enzyme linked immunosorbent assay). 

(4) Cell Fusion 

20 Myeloma cells used to be fused with antibody producing 
cells include cell lines which are derived from various 
animals such as mouse, rat and human, and generally 
available for those skilled in the art. Suitable cell lines used 
are those having a drug resistance, incapable of surviving in 

25 a selective medium such as HAT medium in the unfused 
state, and capable of surviving therein only in the fused state. 
Generally used are 8-azaguanine resistant cell lines, which 
lack hypoxanthine-guanine-phosphoribosyltransferase and 
can not grow in a hypoxanthine-aminopterin-thymidine 

.^.0 (HAT) medium. 

Suitable myeloma cells to be used include various known 
cell lines, such as P3 (P3x63Ag8.653) (J. Immunol. (1979) 
123:1548-1550); P3x63Ag8U.l (Current Topics in Micro- 
biology and Immunology (1978) 81:1-7); NS-1 (Kohler, G 

35 and Milstein, C, Eur. J. Immunol. (1976) 6:511-519); 
MPC-11 (Margulies, D. H. et al., Cell (1976) 8:405-415); 
SP2/0 (Shulman, M. et al.. Nature (1978) 276:269-270); FO 
(de St. Groth, S. F et al., J. Immunol. Methods (1980) 
35:1-21); S194 (Trowbridge, I. S., J. Exp. Med. (1978) 

40 148:313-323); and R210 (Galfre, G. et al.. Nature (1979) 
277:131-133). 

Antibody producing cells may be obtained from spleen 
cells, lymph node cells, or the like. That is, the spleen, lymph 
node or the like is extracted or removed from any of the 

45 aforementioned animals and the tissue is crushed. The 
resulting crushed materials are suspended in a medium or 
buffer, such as PBS, DMEM or RPMI1640, filtered through 
stainless mesh or the like and centrifuged to prepare the 
desired antibody producing c ells. 

so llien, said myeloma cells and antibody producing cells 
are subjected to cell fusion. 

Cell fusion may be carried out by bringing the myeloma 
and antibody-producing cells into contact with each other at 
a ratio of 1:1 to 1:10 in a medium for the culture of animal 

55 cells, such as MEM, DMEM or RPME-1640, in the presence 
of a fusion accelerator at 30 to 37° C. for 1 to 15 minutes. 
To accelerate the cell fusion, any fusion accelerator or virus 
can be used, such as polyethylene glycol with an average 
molecular weight of 1,000 to 6,000, polyvinyl alcohol or 

60 Sendai virus. The fusion of the antibody producing and 
myeloma cells may also be performed in a commercially 
available cell fusion apparatus utilizing an electric stimula- 
tion such as electroporation. 

(5) Selection and Cloning of Hybridomas 

65 Hybridomas of interest are selected from the cells after 
the cell fusion, for example, by a method utilizing selective 
growth of cells in selective media. 
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That is, a cell suspension is diluted with a suitable 
medium and inoculated on a micro titer plate. A selective 
medium such as HAT medium is added to each well and 
incubated while properly replacing the selective medium 
with a fresh one. 5 

Thus, the growing cells a re collected as hybridomas. 

These hybridomas are then screened by the limiting 
dilution, fluorescence-activated ceU sorter or other method. 
Finally, hybridomas producing a monoclonal antibody are 
obtained. 10 
(6) Collection of Monoclonal Antibodies 

Methods for collecting monoclonal antibodies from the 
obtained hybridomas include conventional ceU culture and 
ascites formation methods. 

In the ceU culture method, the hybridomas are cultivated 15 
in a medium for the culture of animal cells, such as RPMI- 
1640 medium containing 10 to 20% fetal bovine serum, 
MEM medium or serum-free medium, under conventional 
conditions (e.g., 37° C, 5% CO,) for 2 to 14 days and the 
antibodies are collected from the supernatant. 20 

In the formation of ascites, the hybridomas are inoculated 
intraperitoneaUy to the same species of mammal as the 
source of the myeloma cells so that the hybridomas grow 
abundantly. After 1 to 4 weeks, the ascites or sera are 
collected. 25 

When the antibodies are necessary to be purified in these 
methods, known methods such as the ammonium sulfate 
precipitation, ion exchange chromatography and aflBnity 
chromatography may optionally be selected or combined. 
2. Construction of Chimeric Antibodies 30 
(1) Cloning of DNA Comprising Base Sequence Coding for 

V Region of Mouse Monoclonal Antibody Against Human 
PTHrP 

(i) Preparation of mRNA 

To clone DNA comprising a base sequence coding for V 35 

region of mouse monoclonal antibody against human 
PTHrP, the collected hybridomas are treated in a conven- 
tional manner, for example, guanidine-ultracentrifugation 
(Chirgwin, J. M, et al.. Biochemistry (1979) 18, 
5294-5299), or AGPC method (Chomczynski, P et al., 40 
Analytical Biochemistry (1987) 162, 156-159), to prepare 
the total RNA, from which mRNA is prepared by e.g. 
01igo(dT)-cellulose span column attached to mRNA Puri- 
fication Kit (Pharmacia)-Quick Prep mRNA Purification Kit 
(Pharmacia AB) can also be used to prepare mRNA without 45 
need of extraction of the total RNA. 

(ii) Preparation and Amplification of cDNA 

From the mRNA obtained in (i) above, each cDNA in the 

V regions of L and H chains is synthesized with the use of 

a reverse transcriptase. In the synthesis of cDNA, Oligo-dT so 
primer or an other appropriate primer which hybridizes to L 
or H chain C region, for example, MHC2 primer having the 
base sequence as shown in SEQ ID N0:1, may be used. 

In the cDNA synthesis, said mRNA and primer are mixed 
and the reaction is effected in the presence of a reverse 55 
transcriptase at e.g. 52° C. for 30 minutes. 

Amplification of cDNA of both L and H chains can be 
performed by PCR (polymerase chain reaction) based on 
5'-RACE method (Frohman; M. A. et al, Proc. Natl. Acad. 
Sci. USA, 85, 8998-9002, 1988; Belyavsky, A. et al., 60 
Nucleic Acids Res., 17, 2919-2932, 1989) using 5'-Ampli 
FINDER RACE kit (CLONTECH Inc.). Thus, AmpH 
FINDER Anchor (SEQ ID NO:42) is linked to 5' end of the 
cDNA synthesized above and PCR is effected for DNAs 
comprising base sequences coding for L and II chain V 65 
regions. (Hereinafter, the DNA comprising a base sequence 
coding for L chain V region is sometimes referred to simply 



as "DNA for L chain V region" or "DNA coding for L chain 
V region". This also applies to H chain V region, C region 
etc. similarly.) 

The primer for amplifying DNA for L chain V region 
which may be used includes, for example. Anchor primer 
(SEQ ID NO: 2) and primers designed from conserved 
sequences in IX chain constant region (C k region) of mouse 
antibodies such as MLC primer having the base sequence as 
shown in SEQ ID NO: 4. The primer for amplifying DNA for 
H chain V region which may be used includes, for example. 
Anchor primer (SEQ ID N0:2) and MHC-GL primer (SEQ 
ID N0:3) (S. T. Jones, et al.. Biotechnology, 9, 88, 1991). 

(iii) Purification of DNA and Determination of Base 
Sequence 

The PCR products are subjected to agarose gel electro- 
phoresis according to conventional procedures to excise 
DNA fragments of interest, which are then recovered, puri- 
fied and ligated to a vector DNA. 

Purification of DNA may be carried out using 
commercially, available kits such as GENECLEAN II; 
BIOIOI. Vector DNA for carrying the DNA fragments 
which may be used herein is known, for example, pUC19 or 
Bluescript. 

Said DNA and vector DNA are ligated using a known 
ligation kit (Takara Shuzo) to yield a recombinant vector. 
The resultant recombinant vector is introduced into e.g. 
Escherichia coli JM109 and ampicillin resistant colonies are 
selected; thus, a vector DNA is prepared in a known method: 
J. Sambrook, et al., "Molecular Cloning", Cold Spring 
Harbor Laboratory Press, 1989. After the vector DNA is 
digested with restriction enzyme(s), the base sequence of a 
desired DNA is determined by a known method such as 
dideoxy method: J. Sambrook, et al., "Molecular Cloning", 
Cold Spring Harbor Laboratory Press, 1989. In the present 
invention, an automated base sequence determining appa- 
ratus (DNA Sequencer 373A; ABI Inc.) may be used. 

(iv) Complementarity Determining Region 

H and L chain V regions form an antigen binding site and 
their whole structures have some similarity to each other. 
That is, four framework region (FR) portions are linked 
through three hypervariable regions, or complementarity 
determining region (CDR). The amino acid sequence in the 
FR is relatively well conserved while variability of the 
amino acid sequence in the CDR region is very high: Kabat, 
E. A. et al, "Sequence of Proteins of Immunological Inter- 
est" US Dept. Health and Human Services, 1983. 

Many portions of the four FRs have p sheet structure and, 
as a result, three CDRs form a loop. The CDR may some- 
times form a part of the p sheet structure. Therefore, three 
CDRs are sterically held at very near positions to each other 
by FRs, which form an antigen binding site together with the 
three CDRs in the paired regions. 

In view of such facts, CDR regions can be found by 
comparison between the amino acid sequence in the variable 
region of a mouse monoclonal antibody against human 
PTHrP and the database of amino acid sequences for anti- 
bodies prepared by Kabat et al. ("Sequence of Proteins of 
Immunological Interest" US Dept. Health and Human 
Services, 1983) to investigate the homology therebetween. 
(2) Construction of Expression Vector of Chimeric Antibody 

Once DNA fragments coding for L and H chain V regions 
of mouse monoclonal antibody (hereinafter L or H chain of 
an antibody may sometimes be referred to as "mouse L 
chain" etc. for mouse antibodies and "human H chain" etc. 
for human antibodies) are cloned, the DNAs coding for 
mouse V regions and DNAs coding for human antibody 
constant regions are ligated and expressed to yield chimeric 
anti-human PTHrP antibodies. 
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A standard method for preparing chimeric antibodies 
involves ligating a mouse leader sequence and V region 
sequence present in a cloned cDNAto a sequence coding for 
a human antibody C region already present in an expression 
vector of a mammalian cell. Alternatively, a mouse leader 
sequence and v region sequence present in a cloned cDNA 
are ligated to a sequence coding for a human antibody C 
region followed by ligation to a mammalian cell expression 

The polypeptide comprising human antibody C region 
can be any of H or L chain C regions of human antibodies, 
including, for example, Cyl, Cy2, Cy3 or Cy4 for human H 
chains or Ck or Ck for L chains. 

To prepare a chimeric antibody, two expression vectors 
are first constructed; that is, an expression vector containing 
DNAs coding for mouse L chain V region and human L 
chain C region under the control of an expression control 
region such as an enhancer/promoter system, and an expres- 
sion vector containing DNAs coding for mouse H chain V 
region and human H chain C region under the control of an 
expression control region such as an enhancer/promoter 
system, are constructed. Then, host cells such as mammalian 
cells are cotransformed with these expression vectors and 
the transformed cells are cultivated in vitro or in vivo to 
produce a chimeric antibody: see, for example, W091/ 
16928. 

Alternatively, the mouse leader sequence present in the 
cloned cDNAand DNAs coding for mouse L chain V region 
and human L chain C region as well as the mouse leader 
sequence and DNAs coding for mouse H chain V region and 
human H chain C region are introduced into a single 
expression vector (see, for example, W094/11523) and said 
vector is used to transform a host cell; then, the transformed 
host is cultivated in vivo or in vitro to produce a desired 
chimeric antibody. 

(i) Production of Chimeric Antibody H Chain 

The vector for the expression of H chain of a chimeric 
antibody can be obtained by introducing cDNA comprising 
a base sequence coding for mouse H chain V region 
(hereinafter referred to also as "cDNA for H chain V 
region") into a suitable expression vector containing the 
genomic DNA comprising a base sequence coding for H 
chain C region of human antibody (hereinafter referred to 
also as "genomic DNA for H chain C region") or cDNA 
coding for said region (hereinafter referred to also as "cDNA 
for H chain C region"). The H chain C region includes, for 
example, Cyl, Cy2, Cy3 or Cy4 regions, 
(i-a) Construction of Chimeric H Chain Expression Vector 
Containing Genomic DNA Coding for H Chain C Region 
llie expression vectors having the genomic DNA coding 
for H chain C region, in particular, those coding for Cyl 
region, include, for example, HEF-PMh-g yl (W092/ 
19759) and DHFR-A E-RVh-PMl-f (W092/19759). 

When cDNA coding for mouse H chain V region is 
inserted into these expression vectors, an appropriate base 
sequence can be introduced into said cDNA through PCR 
method. For instance, PCR may be effected using a PCR 
primer which is designed such that said cDNA has a recog- 
nition sequence for a suitable restriction enzyme at its 5'-end 
and Kozak consensus sequence immediately before the 
initiation codon thereof so as to improve the transcription 
efficiency, as well as a PCR primer which is designed such 
that said cDNA has a recognition sequence for a suitable 
restriction enzyme at its 3'-end and a splice donor site for 
properly splicing the primary transcription products of the 
genomic DNA to give a mRNA, to introduce these appro- 
priate base sequences into the expression vector. 
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After the thus constructed cDNA coding for mouse H 
chain V region is treated with a siutable restriction enzyme 
(s), it is inserted into said expression vector to construct a 
chimeric H chain expression vector containing the genome 
5 DNA coding for H chain C region (Oyl region). 

(i-b) Construction of Chimeric H Chain Expression Vector 
Containing cDNA Comprising Base Sequence Coding for H 
Chain 

The expression vectors having the cDNA coding for H 

10 chain C region, such as Cyl region, may be constructed in 
the following manner: mRNA is prepared from CHO cells 
into which an expression vector DHFR-AE-RVh-PMl-f (see 
W092/19759) comprising DNA coding for H chain V region 
of a humanized PMl antibody and genomic DNA of H cliain 

15 C region Cyl of a human antibody (N. Takahashi, et al.. Cell, 
29, 671-679 (1982)) and an expression vector RVl-PMla 
(see W092/19759) comprising genomic DNA coding for L 
chain V region of the humanized PMl antibody and genomic 
DNA of Lk chain C region of a human antibody have been 

20 introduced, and cDNA coding for the H chain V region of 
the humanized PMl antibody and cDNA coding for the H 
chain C region (Oyl) of the human antibody are cloned by 
RT-PCR method and ligated to an animal cell expression 
vector which has been treated with a suitable restriction 

25 enzyme(s), to construct a desired expression vector. 

When cDNA coding for mouse H chain V region is 
directly ligated to cDNA coding for H chain C region Cyl 
of a human antibody, appropriate base sequences can be 
introduced into a fragment comprising cDNA coding for H 

30 chain V region through PCR method. For instance, PCR may 
be effected using a PCR primer which is designed such that 
said cDNA has a recognition sequence for a suitable restric- 
tion enzyme at its 5'-end and Kozak consensus sequence 
immediately before the initiation codon thereof so as to 

35 improve the transcription eflSciency, as well as a PCR primer 
which is designed such that said cDNA has a recognition 
scquciKL 1(11 a siiiiahic restriction enzyme at its 3'-end for 
directly hualiiin lo llic 11 chain C region Cyl, to introduce 
these appropriate liasc sequences into said cDNA. 

40 The thus constructed cDNA coding for mouse H chain V 
region is treated with a siutable restriction enzyme(s), 
ligated to cDNA coding for said H chain C region Cyl, and 
inserted into an expression vector such as pCOSl or pCHOl 
to construct an expression vector containing the cDNA 

45 coding for a chimeric H chain. 

(ii) Production of Chimeric Antibody L Chain 

The vector for the expression of L chain of a chimeric 
antibody can be obtained by ligating a cDNA coding for 
mouse L chain V region and a genomic DNA or cDNA 

50 coding for L chain C region of a human antibody and 
introducing into a suitable expression vector. The L chain C 
region includes, for example, k chain and X chain, 
(ii-a) Construction of Expression Vector Containing cDNA 
Coding for Chimeric L>\, chain 

55 When an expression vector containing cDNA coding for 
mouse L chain V region is constructed, appropriate base 
sequences can be introduced into said expression vector 
through PCR method. For instance, PCR may be effected 
using a PCR primer which is designed such that said cDNA 

60 has a recognition sequence for a suitable restriction enzyme 
at its 5'-end and Kozak consensus sequence for improving 
the transcription eflSciency, as well as a PCR primer which 
is designed such that said cDNA has a recognition sequence 
for a suitable restriction enzyme at its 3'-end, to introduce 

65 these appropriate base sequences into said cDNA. 

The whole base sequence of cDNA coding for human LX, 
chain C region may be synthesized by a DNA synthesizer 
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and constructed through PCR method. The human lA chain 
C region is known to have at least 4 different isotypes and 
each isotype can be used to construct an expression vector. 
For example, based on a search for the homology with lA 
chain C regions of cloned mouse monoclonal antibodies, an 5 
isotype Mcg+Ke+Oz- of the fragment of human Lk chain C 
region (accession No. X57819) (P. Dariavach et al., Proc. 
Natl. Acad. Sci. USA, 84, 9074-9078, 1987) can be selected 
and used to construct an expression vector. To construct 
cDNA for the known human LX chain C region such as 
Mcg+Ke+Oz-, for example, the following four primers as 
shown in SEQ ID NOs: 11-14 are designed: The primers 
MBCIHGPI (SEQ ID N0:11) and MBC1HGP3 (SEQ ID 
NQ:13) have sense DNA sequences and the primers 
MBC1HGP2 (SEQ ID NO:12) and MBC1HGP4 (SEQ ID 
NO: 14) have antisense DNA sequences wherein each primer 
has a 20 to 23 bp complementary sequence at either end 
thereof. 

MBCIHGPS (SEQ ID NO: 15) and MBCIHGPR (SEQ 
ID NO: 16) are called external primers, have sequences 
homologous with MBCIHGPI and MBC1HGP4, 20 
respectively, and have each a recognition sequence for a 
suitable restriction enzyme. Through PCR method, the four 
primers are assembled to synthesize full length cDNA and 
the external primers are added to amplify the cDNA. 

The assembly through PCR method means that 25 
MBCIHGPI and MBC1HGP2 or MBC1HGP3 and 
MBC1HGP4 are annealed through their complementary 
sequences to synthesize MBC1HGP1-MBC1HGP2 frag- 
ment and MBC1HGP3-MBC1HGP4 fragment and each 
fragment is again annealed through their complementary 30 
sequences to synthesize a cDNA coding for the full length 
human LX chain C region. 

The thus constructed cDNA coding for human LX chain C 
region and the above constructed cDNA coding for mouse L 
chain V region can be Hgated between suitable restriction 35 
enzyme sites and inserted into an expression vector such as 
pCOSl or pCHOl to construct an expression vector con- 
taining cDNA coding for a LX chain of a chimeric antibody, 
(ii-b) Construction of Expression Vector Containing cDNA 
Coding for Chimeric Lk Chain 40 

When an expression vector containing cDNA coding for 
mouse L chain V region is constructed, appropriate base 
sequences can be introduced into said cDNA through PCR 
method. For instance, PCR may be effected using a PCR 
primer which is designed such that said cDNA has a recog- 45 
nition sequence for a suitable restriction enzyme at its 5'-end 
and Kozak consensus sequence for improving the transcrip- 
tion cITicicncy, and a PCR primer which is designed such 
that said cDNA has a recognition sequence for a suitable 
restriction enzyme at its 3' -end, to introduce these appropri- 50 
ate base sequences into said cDNA. 

The DNA coding for human Lk chain C region to be 
Hgated to the DNA coding for mouse L chain V region can 
be constructed from, for example, HEF-PMlk-gk containing 
the genomic DNA (see W092/19759). 55 

Recognition sequences for suitable restriction enzymes 
can be introduced, through PCR method, into 5'- and 3'-ends 
of DNA coding for Lk chain C region, and the DNA coding 
for mouse L chain V region as constructed above and the 
DNA coding for Lk; chain C region can be ligated to each 60 
other and inserted into an expression vector such as pCOSl 
or pCHOl to construct an expression vector containing 
cDNA coding for Lk chain of a chimeric antibody. 
3. Production of Humanized Antibodies 
(1) Search for Homology With Human Antibodies 65 

In order to make a humanized antibody in which CDR of 
a mouse monoclonal antibody is grafted to a human 
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antibody, it is desirable that there exists a high homology 
between FR of the mouse monoclonal antibody and FR of 
the human antibody. Accordingly, a comparison is made 
between V regions of H and L chains of mouse anti-human 
PTHrP monoclonal antibody and the V regions of all the 
known antibodies w whose structures have been elucidated 
with the use of Protein Data Bank. Further, they are simul- 
taneously compared with the human antibody subgroups 
(HSG; Human subgroup) classified by Kabat et al. based on 
the length of antibody FR, the homology of amino acids, and 
the like: Kabat, E. A. et al, US Dep. Heahh and Human 
Services, US Government Printing Offices, 1991. 

Human H chain V regions may be classified into HSG 1 
to III according to the HSG classification by Kabat et al. and 
mouse anti-human PTHrP monoclonal antibody H chain V 
regions have a homology of 82.7% with the consensus 
sequence of HSG III. On the other hand, human LX chain V 
regions may be classified into HSG 1 to VI according to the 
HSG cla.ssification by Kabat et al. and mouse anti-human 
PTHrP monoclonal antibody LX chain V regions do not have 
a high homology with the consensus sequences of human LX 
chain V regions belonging to any subgroups. 

When mouse anti-human PTHrP monoclonal antibody is 
to be humanized, therefore, it is desirable to use human H 
chain V region which belongs to HSG III and has the highest 
homology, or human H chain V region having a FR structure 
with a corresponding canonical structure (Chothia C, et al, 
J. Mol. Biol., 196, 901-917, 1987), as the human H chain V 
region, to construct a humanized antibody. Further, since 
there is no consensus sequence with a high homology in 
subgroups of human LX chain V regions, it is desirable to 
use human antibody LX chain V region with a highest 
homology registered in Protein Data Bank upon construction 
of a humanized antibody. 

(2) Design of DNA Coding for Humanized Antibody V 
Region 

The first step for designing DNA coding for a humanized 
antibody V region is to select a human antibody V region as 
a basis for the designing. 

In the present invention, FR of a human antibody V region 
having a homology of higher than 80% with FR of a mouse 
antibody V region can be used in the humanized antibody. 
The FR of H chain V region as a fragment of a substantially 
identical FR may include FR derived from those belonging 
to the subgroup III, such as S31679: NBRF-PDB, Cuisinier 
A. M. et al., Eur. J. Immunol, 23, 110-118, 1993. Further, 
the FR of L chain V region as a fragment of a substantially 
identical FR may include, for example, FRl, FR2 and FR3 
derived from human antibody HSU03868 (GEN-BANK, 
Deftos M. et al., Scand. J. Immunol., 39, 95-103, 1994) and 
FR4 derived from human antibody S25755 (NBRF-PDB). 

The human antibody S31679 was cloned from cDNA 
Ubrary of human fetal livers while the human antibody 
HSU03868 was cloned as a novel gene for human LX chain 
V region. 

(3) Preparation of Polypeptides Comprising Humanized 
Antibody V Region 

In the humanized antibody of the present invention, the C 
region and the framework (FR) regions of the V region of 
said antibody are originated from human and the comple- 
mentarity determining regions (CDR) of the V region are 
originated from mouse (FIG. 1). A polypeptide comprising 
the V region of the humanized antibody according to the 
present invention can be made in the manner called CDR- 
grafting by PCR method so long as a DNA fragment of a 
human antibody would be available as a template. The 
"CDR-grafting" refers to a method wherein a DNA fragment 
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coding for a mouse-derived CDR is made and replaced for 
the CDR of a human antibody as a template. 

If a DNA fragment of a human antibody to be used as a 
template is not available, a base sequence registered in a 
database may be synthesized in a DNA synthesizer and a 5 
DNA for a V region of a humanized antibody can be made 
by the PGR method. Further, when only an amino acid 
sequence is registered in the database, the whole base 
sequence may be deduced from the amino acid sequence on 
the basis of knowledge on the codon usage in antibodies as 
reported by Kabat, E. A. et al. in US Dep. Health and Human 
Services, US Government Printing Offices, f 991. This base 
sequence is synthesized in a DNA synthesizer and a DNA of 
a humanized antibody V region can be prepared by PCR 
method and introduced into a suitable host followed by 
expression thereof to produce the desired polypeptide. 

Now, general procedures of CDR-grafting by PCR 
method are described below when a DNA fragment of a 
human antibody as a template is available. 

(i) CDR-Grafting 

Now suppose DNA encoding V region comprises DNAs 20 
coding for FRl, CDRl, FR2, CDR2, FR3, CDR3 and FR4 
which are linked to each other in this order, as shown in FIG. 
2. 

First, mouse tierivetl DNA fragments corresponding to 
respective CDRs are synthesized. CDRs 1 to 3 are synthe- ,5 
sized on the basis of the base sequences of the previously 
cloned mouse H and L chain V regions. Grafting primers B 
and E are synthesized such that the primer B should have a 
sequence hybridizing to the mouse CDRl and human anti- 
body FR2 in the sense direction and the primer E should 
have a sequence hybridizing to the CDRl and human 
antibody FRl in the antisense direction (FIG. 2 (1)). 
Similarly, the grafting primers C and F and the primers D 
and G are synthesized. Further, suitable primers, called 
"external primers" and corresponding to A and H in FIG. 2 
(1), which can hybridize to the regions upstream from FRl 35 
and downstream from FR4, respectively, are also synthe- 
sized. Isolation and extraction of the grafting primers may be 
carried out in known procedures: Sambrook, et al. Molecu- 
lar Cloning: A Laboratory Manual, Cold Spring Harbor 
Laboratory Press, 1989. 40 

Then, first PCR is performed using the grafting primer E 
and external primer A, the grafting primers B and F, the 
grafting primers C and G as well as the grafting primer D 
and external primer H resulting in the formation of frag- 
ments A-E, B-F, C-G and D-H, respectively, (FIG. 2 (2)). 45 

Since the upstream region of the grafting primer B and a 
part of the downstream region of the grafting primer E have 
been designed to overlap with each other (the same being 
true in the grafting primers C and F as well as D and G), 
these fragments may be annealed with respective comple- 50 
mentary sequences by reacting under suitable temperatiu-e 
conditions and assembled to a DNA having a length from A 
to H by PCR. Once a DNA fragment coding for the V region 
is obtained, the external primers A and H may be added and 
second PCR may be performed to yield a DNA coding for 55 
the V region of a humanized antibody in which FRs 1 to 4 
are human derived and CDRs 1 to 3 are mouse derived. 
Then, it may be introduced into a suitable host to express to 
yield the desired polypeptide (FIG. 2 (3)). 

(ii) Construction of DNA and Experssion Vector Coding for 60 
Humanized a H Chain V Region 

In the present invention, the whole base sequence of a 
DNA coding for H chain V region of a human antibody to 
be used as a template for a humanized antibody may be 
synthesized by a DNA synthesizer and constructed by PCR 65 
method although said DNA is not available from the natural 
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The H chain V region of a mouse anti-human PTHrP 
monoclonal antibody has a high homology with S31679 
belonging to human subgroup III. In order to employ this 
human antibody as a template to construct a DNA coding for 
a humanized H chain V region, four primers as shown in 
SEQ ID NOs:23-26, for example, are used. The primers 
MBCIHGPI (SEQ ID NO:23) and MBC1HGP3 (SEQ ID 
NO:24) have sense DNA sequences and MBC1HGP2 (SEQ 
ID NO;25) and MBC1HGP4 (SEQ ID NO:26) have anti- 
sense DNA sequences. They are designed to each have a 15 
to 21 bp complementary sequence at either end thereof. 

External primers MBCIHVSI (SEQ ID NO:27) and 
MBCIHVRI (SEQ ID NO:28) have a homologous 
sequence with MBCIHGPI and MBC1HGP4, respectively, 
and each comprises a recognition sequence for a respective 
suitable restriction enzyme. The four primers are assembled 
by PCR method to synthesize a full length cDNA, and the 
external primers are added to amplify the DNA. The "assem- 
bling by PCR method" herein involves annealing 
MBCIHGPI and MBC1HGP2 or MBC1HGP3 and 
MBC1HGP4 through their complementary sequences to 
synthesize a MBC1HGP1-MBC1HGP3 fragment and a 
MBC1HGP2-MBC1HGP4 fragment and further annealing 
the fragments through their complementary sequences to 
synthesize the full length DNA for a humanized H chain V 

Human antibody H chain C region may be any human H 
chain C region such as, for example, human H chain Cyl, 
Cy2, Cy3 or Cy4. 

The DNA for H chain V region of a humanized antibody 
constructed as above described may be ligated to DNA for 
any human antibody H chain C region, for example, human 
H chain Cyl region. As mentioned in the section "Produc- 
tion of H chain of chimeric antibody", the DNA for H chain 

V region may be treated with a suitable restriction enzyme 
and ligated to a DNA coding for a human H chain C region 
under an expression control region such as an enhancer/ 
promoter system to make an expression vector containing 
DNAs for a humanized H chain V region and a human H 
chain C region. 

(iii) Construction of DNA and Experssion Vector Coding for 
Humanized L Chain V Region 

In the present invention, the whole base sequence of DNA 
coding for L chain V region of a human antibody to be used 
as a template may be synthesized by a DNA synthesizer and 
constructed by PCR method although the DNA for L chain 

V region is not available as in the case of the DNA coding 
for H chain V region. 

In order to construct a DNA for a humanized L chain V 
region using as a template a human antibody SU03858 
having a highest homology with the L chain V region of a 
mouse anti-human PTHrP monoclonal antibody, four prim- 
ers as shown in SEQ ID NOs:29-32, for example, are used. 
The primers MBCILGPI (SEQ ID NO:29) and 
MBC1LGP3 (SEQ ID NO: 30) have sense DNA sequences 
and MBC1LGP2 (SEQ ID N0:31) and MBC1LGP4 (SEQ 
ID NO:32) have antisense DNA sequences. They are 
designed to each have a 15 to 21 bp complementary 
sequence at either end thereof 

External primers MBCILVSI (SEQ ID NO:33) and 
MBCILVRI (SEQ ID NO:34) have a homologous sequence 
with MBCILGPI and MBC1LGP4, respectively, and each 
comprises a recognition sequence for a respective suitable 
restriction enzjme. The four primers are assemled by PCR 
method to synthesize a full length DNA, and the external 
primers are added to amplify the DNA. The "assemUng by 
PCR method" herein involves annealing MBCILGPI and 
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MBC1LGP3 or MBC1LGP2 and MBC1LGP4 through their 
complementary sequences to synthesize a MBCILGPI- 
MBC1LGP3 fragment and a MBC1LGP2-MBC1LGP4 
fragment and further annealing the fragments through their 
complementary sequences to sjfnthesize a fuU length DNA 
coding for a humanized H chain V region. 

Human antibody L chain C region may be any human L 
chain C region such as, for example, human L chain Cy or 
Ck. 

The DNA for L chain V region of a humanized antibody 
constructed as above described may be ligated to DNA for 
any human antibody L chain C region, for example, human 
L chain CL region. The DNA for L chain V region may be 
treated with a suitable restriction enzyme and Ugated to a 
DNA coding for a htmian LX chain C region under an 
expression control region such as an enhancer/promoter 
system to make an expression vector containing DNAs 
coding for a humanized L chain V region and a human Ly 
chain C region. 

Even if a polypeptide comprising a V region of a human- 
ized antibody could be produced as above described, it is not 
necessarily clear whether or not said polypeptide would 
have an activity as an antibody, such as binding or neutral- 
izing activity against its antigen. Particularly in the case of 
L chain, since the L chain V region of a mouse anti-human 
PTHrP monoclonal anlibt)dy is derived from a very rare Vkx 
gene, it should he necessary to investigate the presence or 
absence of the activity by combining it with a humanized H 
chain and expressing in an animal cell such as COS-7. 

As a method for elucidating which FR in a humanized 
antibody V region may contribute to the binding and neu- 
tralizing activity of the humanized antibody, construction of 
a hybrid V region (Ohtomo, T. et al., Molecular 
Immunology, 32, 407-416, 1995) and confirmation may be 
effective. In order to elucidate which amino acid in the L 
chain V region of the humanized antibody according to the 
present invention should be mutated to provide one having 
the activity, a DNA in which a fragment of an FR region of 
a humanized antibody is recombined with a fragment of a 
mouse derived FR region is constructed and each region is 
assessed for humanization. 

As shown in FIG. 3, an antibody having a polypeptide 
comprising a recombinant V region in which IRl and I R2 
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are derived from a human antibody and FR3 and FR4 are 
derived from a mouse antibody (such an antibody having a 
recombinant fragment being referred to as a "hybrid 
antibody"), a hybrid antibody in which only FRl is human 

5 derived, and a hybrid antibody in which only FR2 is human 
derived, are made. Each of DNAs coding for these hybrid 
antibodies is introduced into an expression vector and the 
humanized antibodies are temporarily expressed to investi- 
gate the presence of antibody activities. 

Using this method, the present inventor has investigated 
polypeptides comprising L chain V regions for antigen 
binding and neutralizing activities and finally found that 
certain amino acids to be replaced exist in FR2 and FR3. 

15 Having found that amino acids contributing to the activity 
exist in FR2 and FR3 regions, the present inventor has 
elucidated that the 36th, 45th and 49th amino acids in FR2 
region and the 87th amino acid in FR3 region (the number- 
ing of amino acids of antibodies having been determined by 

20 Kabat, E. A. et al., US Dep. Health and Human Services, US 
Government Printing Offices, 1991) contribute to the activ- 
ity. 

Thus, a polypeptide comprising a V region in which such 
amino acid(s) is/are mutated (e.g., replaced) is made in the 
25 present invention. 

First, a polypeptide comprising a V region having an 
amino acid sequence as a base into which a mutation of 
amino acid(s) is to be introduced is prepared by the afore- 
mentioned CDR-grafting. This base polypeptide comprises 
30 the amino acid sequence as shown in SEQ ID NO: 47 and is 
referred to as "version a" (a in Table 1). 

Then, from the version a as a base, various variant 
fragments in which one or some amino acids of FR are 
mutated arc made. 

The introduction of mutation may be carried out by 
designing an oligonucleotide primer (mutagenic primer) 
coding for an amino acid to be introduced as a desired 
mutation and performing PGR using said primer. 
40 Thus, polj'peptides comprising V regions (versions b to t) 
in which a specific amino acid(s) in FR2 and FR3 is/are 
mutated are made (b to t in Table 1). 
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The DNA cording for each version of L chain V region of 50 
a humanized antibody as constructed above may be ligated 
to a DNA of any L chain C region of a human antibody, such 
as human L chain Ck region. Thus, it is treated with a 
suitable restriction enz5fme and ligated to a DNA coding for 
a human LX chain C region under the control of an expre.s- 55 
sion control region such as an enhancer/promoter system to 
construct an expression vector comprising a DNA coding for 
each version of the humanized L chain V region and a DNA 
coding for the humanized Lk chain C region. 

The DNA coding for H chain V region of a humanized 60 
antibody and a human H chain C region as previously 
constructed and the DNA coding for a humanized L chain V 
region and human L chain C region may also be introduced 
into a single expression vector such as that disclosed in 
W094/11523, said vector may be used to transform a host 65 
cell, and the transformed host may be cultivated in vivo or 
in vitro to produce a desired humanized antibody. 



4. Production of Chimeric Antibody and Humanized Anti- 

To produce a chimeric or humanized antibody, two 
expression vectors as above mentioned should be prepared. 
Thus, with respect to a chimeric antibody, an expression 
vector comprising a DNA coding for a mouse H chain V 
region and a human H chain C region under the control of 
an expression control region such as an enhancer/promoter 
system, and an expression vector comprising a DNA coding 
for a mouse L chain V region and a human L chain C region 
under the control of an expression control region such as an 
enhancer/promoter system are constructed. With respect to a 
humanized antibody, an expression vector comprising a 
DNA coding for a humanized H chain V region and a human 
H chain C region under the control of an expression control 
region such as an enhancer/promoter system, and an expres- 
sion vector comprising a DNA coding for a humanized L 
chain V region and a human L chain C region under the 
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control of an expression control region such as an enhancer/ 
promoter system are constructed. 

Then, a host cell such as a mammalian cell is cotrans- 
formed with these expression vectors and the resulting 
transformed cell is cultivated in vitro or in vivo to produce 
the chimeric or humanized antibody (see, for example, 
W091/16928). 

Alternatively, a DNA coding for H chain V and C regions 
and a DNA coding for L chain V and C regions may be 
ligated to a single vector and transformed into a suitable host 
cell to produce an antibody. Thus, in the expression of a 
chimeric antibody, a DNA coding for a mouse leader 
sequence present in the cloned cDNA, a mouse H chain V 
region and a human H chain C region as well as a DNA 
coding for a mouse leader sequence, a mouse L chain V 
region and a human L chain C region, are introduced into a 
single expression vector such as one disclosed in e.g. 
W094/11523. In the expression of a humanized antibody, a 
DNA coding for a humanized H chain V region and a human 
H chain C region and a DNA coding for a humanized L chain 
V region and a human L chain C region are introduced into 
a single expression vector such as one disclosed in e.g. 
W094/11523. Such a vector is used to transform a host cell 
and the transformed host is cultivated in vivo or in vitro to 
produce a chimeric or humanized antibody of interest. 

The chimeric or humanized antibody of interest which is 
thus produced by cultivating the transformant transformed 
with a DNA coding for said chimeric or humanized antibody 
may be isolated from the interior or exterior of the cell and 
purified to uniformity. 

The isolation and purification of the chimeric or human- 
ized antibody of interest according to the present invention 
may be carried out by using a protein A agarose column, but 
may also be performed by any methods used in isolation and 
purification of conventional proteins and thus is not limited. 
For instance, various chromatography, ultrafiltration, salting 
out and dialysis may optionally be selected or combined to 
isolate and purify the chimeric or humanized antibody. 

Any expression system may be used to produce the 
chimeric or humanized antibody against human PTHrP 
according to the present invention. For example, eukaryotic 
cells include animal cells such as estabhshed mammalian 
cell Unes, mold and fungal cells, and yeast cells; prokaryotic 
cells include bacterial cells such as Escherichia coli cells. 
Preferably, the chimeric or humanized antibody of the 
present invention is expressed in a mammalian cell such as 
COS or CHO cell. 

Any conventional promoters useful for the expression in 
mammalian cells may be used. For example, human cytome- 
galovirus immediate early (HCMV) promoter is preferably 
used. Examples of expression vectors comprising HCMV 
promoter include HCMV-VH-HCy 1 and HCMV-VL-HCK 
derived from pSV2neo (W092/19759). 

In addition, promoters for gene expression in mammalian 
cells which can be used in the present invention may include 
virus promoters, such as those of retrovirus, polyoma virus, 
adenovirus and simian virus (SV) 40, and mammalian cell 
derived promoters, such as those of human polypeptide 
chain elongation factor-la (HEF-la). For example, SV40 
promoter may be readily used according to Mulligan el al. 
method (Nature, 277, 108, 1979); Mizushima, S. et al. 
method (Nucleic Acids Research, 18, 5322, 1990) may be 
easily used with HEF-la promoter. 

Origin of replication usable herein includes those derived 
from SV40, polyoma virus, adenovirus or bovine papilloma 
vims (BPV). Further, the expression vector may comprise a 
gene for phosphotransferase APH(3') II or I (neo), thymidine 
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kinase (TK), E. coli xanthine-guanine phosphoribosyltrans- 
ferase (Ecogpt) or dihydrofolate reductase (DHFR) as a 
selective marker for increasing the gene copy number in a 
host cell system. 
5 5. Evaluation of Antigen Binding and Neutralizing Activity 
of Chimeric and Humanized Antibodies 

(1) Determination of Antibody Concentration 

The concentration of the resulting purified antibody can 
be determined by ELISA. 

ELISA plates for determining the antibody concentration 
are prepared in the following manner: 100 of a goat 
anti-human IgG antibody prepared at a concentration of e.g. 
1 /ig/ml is immobilized in each well of a 96 well plate for 
ELISA (for example, Maxisorp, NUNC). After blocking 
with 200 ix\ of a diluting buffer (for example, 50 mM 
Tris-HCl, 1 mM MgCl2, 0.1 M NaCl, 0.05% Tween20, 
0.02% NaN3, 1% bovine serum albumin (BSA), pH 7.2), a 
stepwise diluted supernatant of COS-7 or CHO cells in 
which the chimeric, hybrid or humanized antibody has been 
expressed, or purified chimeric, hybrid or humanized anti- 

20 body is added to each well, 100 ^\ of an alkaline 
phosphatase-conjugated goat anti-human IgG antibody is 
added, and 1 mg/ml of a substrate solution (Sigma 104, 
p-nittophenylphosphoric acid, SIGMA) is then added, after 
which the absorbance at 405 nm is measured by a microplate 

25 reader (Bio Rad). Hu IgGlX Purified (The Binding Site) may 
be used as a standard for the determination of concentra- 
tions. 

(2) Determination of Antigen Binding Ability 

ELISA plates for determining the antigen binding ability 
30 are prepared in the following manner: 100 /il of human 
PTHrP (1-34) prepared at a concentration of 100 ^1/ml is 
immobilized to each well of a 96 well plate for ELISA. After 
blocking with 200 (A of a diluting buffer, a stepwise diluted 
supematant of COS-7 or CHO cells in which the chimeric, 
35 hybrid or humanized antibody has been expressed, or puri- 
fied chimeric, hybrid or humanized antibody is added to 
each well, 100 /d of an alkaline phosphatase-conjugated goat 
anti-human 

(3) Determination of Neutralizing Activity 

40 Determination of the neutralizing activity of the mouse, 
chimeric and humanized antibodies can be carried out by, 
e.g., using rat osteosarcoma cell Hne ROS17/2.8-5 cell 
(Sato, K. et al., Acta Endocrinology, 116, 113-120, 1987). 
Thus, ROS17/2.8-5 cells are stimulated by 4 mM hydro- 

45 cortisone to induce PTH/PTHrP receptor. The degradative 
enzyme for cAMP is inhibited with 1 mM of isobutyl-1- 
methyl xanthine (IBMX, SIGMA). The mouse, chimeric or 
himianized antibody to be determined for neutralizing activ- 
ity is mixed with an equal amount of PTHRP (1-34) and the 

50 resulting mixture of each antibody and P l'HrP (1-34) is 
added to each well. The neutralizing ability of the mouse, 
chimeric or humanized antibody can be estimated by mea- 
suring the amount of cAMP produced by rat osteosarcoma 
cell lines ROS17/2.8-5 cells due to stimulation with PTHrR 

55 (4) Kinetic Analysis of Interactions Between PTHrP and 
Anti-PTHrP Antibody 

In the present invention, the kinetics in the interactions 
between PTHrP and anti-PTHrP may be analyzed by a 
variety of means and procedures. Specifically, dissociation 

constants may be measured by Scatchard analysis and a 
surface plasmon resonance sensor called BIACORE 
(developed and commercialized by Pharmacia Biotech). 
Analysis by a surface plasmon resonance sensor called 
65 BIACORE will be described hereininbelow as one example. 
The basic structure of BIACORE comprises an optical 
source, a prism, a detector and a micro-passage. In practice. 
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a ligand is immobilized on a cassette-type sensor tip and an 
analyte is injected thereinto. When there is any aflSnity 
between them, the binding amount is optically detected. 

The detecting principle is a phenomenon called surface 
plasmon resonance. Thus, of incident light injected to the 
interface between a glass and a metal film so that total 
reflection should occur, the incident Hght at a certain angle 
is used to excite surface plasmon and damped. The angle 
vary depending upon the change in concentration of a 
solvent in contact with the metal fikn (sensor). BIACORE 
detects this change. 

In BIACORE, this change is called a resonance signal 
(SPR signal) and a change of 0.1 degree is 1000 RU 
(resonance units). 1000 RU corresponds to a change in the 
binding of about 1 ng of a protein onto a thin gold sensor of 
1 mm^ in surface area. For a protein, a change of about 50 
RU (50 pg) can be fully detected. 

The detected signals are converted into a binding curve 
called a sonsorgram by a computor attached to BIACORE, 
which is drawn on a computor display in real time: Natsume, 
T, et al. (1995) Experimental Medicine, 13, 563-569; 
Karlsson, R., et al. (1991) J. Immunol. Methods 145, 
229-240. 

Kinetics parameters, i.e., dissociation constant (KD), dis- 
sociation rate constant (Kdiss) and association rate constant 
(Kass), of the anti-PTHrP antibodies of the present invention 
may be measured by the above mentioned BIACORE. 

The anti-PTHrP antibodies of the present invention pref- 
erably have as small a dissociation constant (KD value) as 
possible in view of neutralizing activity. Preferably, the 
anti-PTHrP antibodies of the present invention have a KD 
value 1.86x10"'' or less, more preferably 1.86x10"* or less, 
most preferably 3.58x10"^° or less. 

The KD values are determined from two parameters, 
dissociation rate constants (Kdiss) and association rate con- 
stants (Kass) (KD=Kdiss/Kass). Apparently, therefore, the 
KD values are smaller when the Kdiss values are smaller and 
the Kass values are larger. 

Specifically, the Kdiss values of the anti-PTHrP antibod- 
ies according to the present invention may be 1.22xlO"'[l/ 
Sec] or less. Preferably, the Kdiss values are 1.22x10"^ or 
less, more preferably 3.16x10""* or less, most preferably 
2.32xlO-tl/Sec] or less. 

On the other hand, the Kass values may be e.SSxlC 
[1/M.Sec] or more. Preferably, the Kass values are 6.55x10' 
or more, more preferably 0.883x10® or more, most prefer- 
ably 1.03x10"* [1/M.Sec] or more. 

Further, also preferred are anti-PTHrP antibodies having 
a Kdiss value of 1.22x10"^ [1/Sec] and a Kass value of 
6.55x10^ [1/M.Sec] or more. 

More specifically, the anti-PTHrP antibodies of the 
present invention have a KD value in the range of 1.02x 
10"" to 1.86x10"'' [M], preferably 1.02x10"^° to 1.86x10"* 
[M], more preferably 1.34x10"^° to 3.58x10"^° [M], most 
preferably 2.25x10"^° to 3.58x10"^° [M]. 

The Kdiss values are in the range of 7.38x10"" to 1.22x 
10-" [1/Sec], preferably 7.38x10-= to 1.22x10-^ [1/Sec], 
more preferably 1.66x10"^ to 3.16x10"^ [1/Sec], most pref- 
erably 1.66x10"^ to 2.32x10"^ [1/Sec]. 

The Kass values are in the range of 6.55x10"* to 1.24x10^ 
[1/M.Sec], preferably 6.55x10= to 1.24x10'* [1/M.Sec], 
more preferably 7.23x10= to 1.03x10'* [1/M.Sec], most 
preferably 0.883x10'* to 1.03x10'* [1/M.Sec]. 

These KD, Kdiss and Kass values may be obtained by 
Scatchard analysis or a surface plasmon resonance sensor 
such as BIACORE, preferably by BIACORE. 
6. Pharmaceutical Composition and Ilypercalcemia- 
Suppressing Agent Comprising Anti-PTHrP or Humanized 
Antibody as Effective Ingredient. 
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The therapeutic effect of the humanized antibody on 
PTHrP may be confirmed by administering the antibody 
against PTHrP or the humanized antibody to an animal 
exhibiting hypercalcemia and measuring an index for hyper- 

5 calcemia. In animals exhibiting hypercalcemia and patients 
suffering from hypercalcemia, hypophosphatemia is often 
observed; the antibodies of the present invention may also 
be used to improve the hypophosphatemia. 

The antibody used in the present invention is an anti- 

10 PTHrP antibody including human, chimeric and primatized 
antibodies or a humanized antibody against PTHrP having 
the dissociation constant, dissociation rate constant and 
association rate constant. The antibody will neutralize the 
activity of PTHrP by binding to PTHrP and preferably 

15 includes, in particular, humanized #23-57-137-1 antibody. 
The method for producing the humanized #23-57-137-1 
antibody will be described in Examples 1 to 3. 

The antibody used in the present invention can be purified 
to a high purity by any combination of conventional puri- 

20 fication means such as salting out, gel filtration using HPLC 
etc., and affinity chromatography using a protein A column 
etc. Recognition of PTHrP by the thus purified antibody with 
a high accuracy may be confirmed by any conventional 
immimological means such as radioimmunoassay (RIA), 

25 enzyme immunoassay (EIA, ELISA) or immunofluores- 
cence analysis. 

The animal exhibiting hypercalcemia which may be used 
includes a model animal prepared by transplanting PTHrP- 
producing tumor cells to an experimental animal with 
reduced or deleted immunological function. The tumor cells 
transplanted are preferably human derived ones including, 
for example, hiunan pancrea cancer PAN-7. The animal with 
reduced or deleted immunological function to which the 
tumor cells are transplanted includes nude mouse and SCID 
mouse. 

Suppression of hypercalcemia may be evaluated by 
oKserving the concentration of calcium in the blood, the 
reduction of body weight or the reduction of extent of 
movement with the lapse of time and determining the degree 
of improvement. 

The pharmaceutical composition and hypercalcemia sup- 
pressing agent comprising the antibody or humanized anti- 
body against PTHrP as an eftective ingredient according to 
the present invention may be parenterally administered 
systemically or topically. For example, intravenous injection 
including drip, intramuscular injection, intraperitoneal injec- 
tion or subcutaneous injection may be selected. The method 
of administration may be properly selected depending on the 
age of a patient and the conditions of disease. An effective 
single dose may be selected from the range of 0.01 to 1,000 
mg per kg of body weight. Alternatively, the dose to a patient 
may be 5 to 10,000 mg/body, preferably 50 to 1,000 
mg/body. 

The pharmaceutical composition and hypercalcemia sup- 
pressing agent comprising the antibody or humanized anti- 
body against PTHrP as an eftective ingredient according to 
the present invention may further comprise a pharmaceuti- 
cally acceptable carrier and/or additive(s) depending upon 
the administration route. Examples of such carrier and 
additive may include water, pharmaceutically acceptable 
organic solvents, coUagen, polj'vinyl alcohol, polyvinyl 
pjTrolidone, carboxjrvinyl polymer, sodium carboxymethyl 
cellulose, poly(sodium acrylate), sodium arginate, water 
soluble dextran, sodium carboxymethyl starch, pectin, 
methyl cellulose, ethyl ceUulose, xanthane gum, gum arabic, 
casein, gelatin, agar, diglycerin, glycerin, propylene glycol, 
polyethylene glycol, vaseline, paraffin, stearyl alcohol, 
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stearic acid, human serum albumin (HSA), mannitol, 
sorbitol, lactose, and surfactants acceptable as pharmaceu- 
tical additives. The additives used may be properly selected 
from the above either alone or in combination, but not 
limited thereto. 

The antibody of the present invention may be used widely 
in hypercalcemia associated with various cancers (malignant 
tumors). These cancers are not particularly limited and 
include not only a single cancer but also a combination of a 
plurality of cancers. The cancers may include for example 
pancreas, lung, pharynx, larynx, tongue, gingiva, esophagus, 
stomach, biliary duct, breast, kidney, urinary bladder, uterus 
and prostate cancers, and malignant lymphoma. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic illustration of the antibody accord- 
ing to the present invention; 

FIG. 2 is a schematic illustration of the CDR-grafting; 

FIG. 3 is an illustration of the determination of the FRs 
and the CDRs of the V region; 

FIG. 4 is a graph showing the measurement result of the 
antigen-binding activity of the antibodies; 

FIG. 5 is a graph showing the measurement result of the 
antigen-binding activity of the antibodies; 

FIG. 6 is a graph showing the measurement result of the 
antigen-binding activity of the antibodies; 

FIG. 7 is a graph showing the measurement result of the 
antigen-binding activity of the antibodies; 

FIG. 8 is a graph showing the measurement result of the 
antigen-binding activity of the antibodies; 

FIG. 9 is a graph showing the measurement result of the 
aiiligcii-hiiiding activity of the antibodies; 

1 Ki. 10 is a graph showing the measurement result of the 
antigen-binding activity of the antibodies; 

FIG. 11 is a graph showing the measurement result of the 
antigen-binding activity of the antibodies; 

FIG. 12 is a graph showing the neutralizing activity of the 
humanized antibodies; 

FIG. 13 is a graph showing the neutrahzing activity of the 
humanized antibodies; 

FIG. 14 is a graph showing the neutralizing activity of the 
humanized antibodies; 

FIG. 15 are graphs illustrating the efhcacy of the anti- 
bodies of the present invention against a hypercalcemic 
model animal; 

FIG. 16 are graphs illustrating the eflScacy of the anti- 
bodies of the present invention on a hypercalcemic model 
animal; 

FIG. 17 are graphs illustrating the eflScacy of the anti- 
bodies of the present invention on a hypercalcemic model 
animal; 

FIG. 18 are graphs illustrating the eflScacy of the anti- 
bodies of the present invention on a hypercalcemic model 
animal; 

FIG. 19 is a sensorgram illustrating the immobilization of 
PTHrP onto sensor tip; 

FIG. 20 is a graph showing the results of the kinetic 
analysis of the antibody according to the invention; 

FIG. 21 is a graph showing the results of the kinetic 
analysis of the antibody according to the invention; 

FIG. 22 is a graph showing the results of the kinetic 
analysis of the antibody according to the invention; 

FIG. 23 is a graph showing the results of the kinetic 
analysis of the antibody according to the invention; 
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FIG. 24 is a graph showing the results of the kinetic 
analysis of the antibody according to the invention; 

FIG. 25 is a graph showing the test results of the effect of 
the humanized antibody according to the invention on 
5 fractional excretion of phosphate; 

FIG. 26 is a graph showing the test result of the effect of 
the humanized antibody according to the invention on 
phosphorus concentration in plasma; 

FIG. 27 is a photograph showing the apparent clinical 
symptoms of hypercalcemia model mice developed after 
administration of the anti-PTHrP antibody according to the 
invention (morphology of living animal); 

FIG. 28 is a photograph showdng the apparent clinical 
15 symptoms of hjfpercalcemia model mice developed after 
administration of the anti-PTHrP antibody according to the 
invention (morphology of living animal); 

FIG. 29 is a graph showing the change in spontaneous 
activity of a hypercalcemia model animal over time after 
20 administering the anti-PHTHrP antibody according to the 
invention in comparison with that of a control model animal 
administered with physiological saline; 

FIG. 30 is a graph showing the change in body tempera- 
ture of a hypercalcemia model animal over time after 
25 administering the anti-PHTHrP antibody according to the 
invention in comparison with that of a control model animal 
administered with physiological saline; and 

FIG. 31 is a graph showing the change in blood pH of a 
hypercalcemia model animal over time after administering 
^° the anti-PHTHrP antibody according to the invention in 
comparison with that of a control model animal adminis- 
tered with physiological saline. 

EXAMPLE 

Hereinbelow, the present invention will be described in 
more detail with reference to the following Examples, which 
should not be construed as limiting the scope of the inven- 
tion. 

Reference Example 1 

Preparation of Anti-PTHrP (1-34) Mouse 
Monoclonal Antibody Producing Hybridoma 
Hybridomas capable of producing a monoclonal antibody 
against human PTHrP (1-34), #23-57-154 and #23-57-137- 
1, were prepared in accordance with the method reported by 
Kanji Sato et al. (Sato, K. et al., J. Bone Miner. Res. 8, 
849-860, 1993). 

50 The immunogen used was PTlIrP (1-34) (Peninsula), to 
which a carrier protein, thyroglobulin, was conjugated using 
carbodiimide (Dojinn). The thycloglobulin-conjugated 
PTHrP (1-34) was dialyzed to obtain a solution having a 
protein concentration of 2 fig/ml. The resultant solution was 

55 mixed with Freund's adjuvant (Difco) in a mixing ratio of 
1:1 to obtain an emulsion. This emulsion was injected to 
each of 16 female BALB/C mice dorsal-subcutaneously or 
intraperitoneally in a dose amount of 100 fig/mouse to 
immunize the mice. The injection was conducted 11 times. 

go With respect to the adjuvant, Freund's complete adjuvant 
was used in the injection for the first immunization, and 
Freund's incomplete adjuvant was used in the injection for 
subsequent immunizations. 

Each of the mice immunized was determined for its 

65 antibody titers in the sera in the following manner: 

Each of the mice was blood-drawn from its tail vein and 
the blood was then subjected to centrifugation to obtain a 
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serum. The serum was diluted with a RIA buffer, mixed with 
^^^I-labeled PTHrP (1-34), and subjected to determination 
of its binding activity. The mice which have been confirmed 
to have a satisfactorily high antibody titer were injected with 
PTHrP (1-34) without the carrier protein intraperitoneally in 5 
a dose amount of 50 ^g/mouse for the final immunization. 

Three days after the final immunization, the mice were 
sacrificed and excised their spleens. Thereafter, spleen cells 
were subjected to cell fusion with mouse myeloma cell line 
P3x63Ag8U. 1 in accordance with a conventional known 1° 
method using 50% polyethylene glycol 4000. The fused 
cells thus prepared were inoculated into each well of 85 of 
96-well plates in an amount of ZxlO'^/weU. The screening of 
hybridomas of interest was conducted using a HAT medium 
as follows. 15 

The screening of the hybridomas was conducted by 
determining for the presence of PTHrP-recognition antibod- 
ies in the culture supernatant with respect to the wells in 
which cell growth had been observed in the HAT medium by 
a solid phase RIA method. The hybridomas were collected ^° 
from the wells in which the binding ability to the PTHrP- 
recognition antibody was confirmed. The hybridomas thus 
obtained was suspended into a RPMl-1640 medium con- 
taining 15% I'CS and supplemented with OPI-supplement 
(Sigma), followed by unification of the hybridomas by a 
hmiling dilution method, thereby obtaining two types of 
hybridoma clones, #23-57-154 and #23-57-137-1 both 
exhibiting a strong binding ability to PTIIrP (1-34). 

Hybridoma clone #23-.57-l 37- 1 , which was designated 
"mouse — mouse hybridoma #23-57-137-1", has been 
deposited imder Uie lerms of ihe Budapest treaty on Aug. 
15, 1996 al Uie Nalit)nal Inslitute of Hioscience and Human- 
technology, Agency of Intlustrial Science and Technology, 
Japan (1-3, lligashi 1-chome, Tsukuba-shi, Ibaragi-ken, , 
Japan) under the accession No. PERM BP-5631. 

EXAMPLE 1 

Cloning of DNA Coding for V Region of Mouse 
Monoclonal Antibody Against Human PTHrP '"^ 
(1-34) 

Cloning of the DNA coding for the V region of the mouse 
monoclonal antibody against human PTHrP (1-34) obtained 
above, #23-57-137-1, was conducted in the following man- 45 
ner. 

(1) Preparation of mRNA 

mRNA was prepared from hybridoma #23-57-137-1 
using Quick Prep mRNA Purification Kit (Pharmacia 
Biotech) as follows. 50 

The cells of hybridoma #23-57-137-1 obtained above 
were fuUy homogenized with an extraction buffer, and 
mRNA was extracted therefrom using an oligo(dT)- 
Cellulose Spun Column in accordance with the procedure by 
the manufacturer of the kit. The exlrachon soliilion was 55 
subjected to ethanol precipitation lo obtain llie niRNA as 
precipitates. The mRNA precipitates were dissolved in an 
elution buffer. 

(2) Preparation and Amplification of cDNA of the Gene 
Coding for Mouse H Chain V Region 60 
(i) Cloning of cDNA for H Chain V Region of #23-57-137-1 
Antibody 

A DNA coding for the H chain V region of the mouse 
monoclonal antibody against human PTHrP was cloned by 
a 5'RACn method (Frohman, M. A. et al., Proc. Natl. Acad. 65 
Sci. USA, 85, 8998-9002, 1988; Belyavsky, A. et al.. 
Nucleic Acids Res. 17, 2919-2932, 1989). This method was 



conducted using 5'-Ampli FINDER RACE Kit 
(CLONETECH) in accordance with the procedure by the 
manufacturer. In this method, the primer used for synthesis 
of cDNA was M11C2 primer (SEQ ID NO: 1) which is 
hybridizable with mouse H chain C region. About 2 fig of the 
above-obtained mRNA, which was a template for cDNA 
synthesis, was mixed with 10 pmoles of MHC2 primer. The 
resultant mixture was reacted with a reverse transcriptase at 
52° C. for 30 min to prepare a cDNA which was comple- 
mentary to the mRNA. 

The resultant was mixed with 6N NaOH to hydrolyze the 
mRNA therein (at 65° C. for 30 min.) and then subjected to 
ethanol precipitation to isolate the cDNA as precipitates. The 
cDNA thus isolated was ligated to Ampli FINDER Anchor 
(SEQ ID NO: 42) on its 5'-end by reacting with T4 RNA 
ligase at 37° C. for 6 hours and additionally at room 
temperature for 16 hours. As the primers for amplification of 
the cDNAby a PCR method. Anchor primer (SEQ ID NO: 
2) and MHC-Gl primer (SEQ ID NO: 3) (S. T Jones, et al. 
Biotechnology, 9, 88, 1991) were used. 

The PCR solution (50 /A) used in this method comprised 
10 mM Tris-HCl (pH 8.3), 50 mM KCl, 0.25 mM dNTPs 
(dATP, dOTP, dCTP, dTTP), 1.5 mM MgClj, 2.5 units of 
TaKaRa Taq (Takara Shuzo), 10 pmoles Anchor primer, and 
1 fil of the reaction mixture of the cDNA to which MHC-Gl 
primer and Ampli FINDER Anchor primer had been ligated, 
over which 50 fil of mineral oil was layered. Thirty cycles of 
the PCR reaction was conducted using Thermal Cycler 
Model 480J (Perkin Elmer) and a temperature cycle of 94° 
C. for 45 sec; 60° C. for 45 sec; and 72° C. for 2 min. 
(ii) (^loning of cDNA for #23-57-137-1 Antibody L Chain V 
Region 

A DNA coding for L chain V region of the mouse 
monoclonal antibody against human PTHrP was cloned by 
the 5'-RACE method (Frohman, M. A. et al., Proc. Natl. 
Acad. Sci. USA, 85, 8998-9002, 1988; Belyavsky, A. et al. 
Nucleic Acids Res. 17, 2919-2932, 1989). This method was 
conducted using 5'-Ampli I'inder RACE Kit (Clonetech) in 
accordance with the procedure by Ihe manufacturer. In this 
method, oligo-dT primer was used as the primer for synthe- 
sizing a cDNA. About 2 /ug of the above-mentioned mRNA 
(which was a template for cDNA synthesis) was mixed with 
oligo-dT primer. The resultant mixture was reacted with a 
reverse transcriptase at 52° C. for 30 min. to prepare a 
cDNA. The resultant was mixed with 6N NaOH to hydro- 
lyze the RNA therein (at 65° C. for 30 min.). The resultant 
mixture was subjected to ethanol precipitation to isolate the 
cDNA as precipitates. The cDNA thus synthesized was 
hgaled 1(1 llie Amph FINDER Anchor on its 5'-end by 
reading with T4 RNA Hgase at 37° C. for 6 hours and 
additionally at room temperature for 16 hours. 

PCR primer MLC (SEQ ID NO: 4) was designed based on 
the conserved sequence of a mouse L chain X chain C region 
and then synthesized using 394 DNA/RNA Synthesizer 
(ABI). The PCR solution (100 /ul) used for the synthesis of 
the primer comprised 10 mM Tris-HCl (pH 8.3), 50 mM 
KCl, 0.25 mM dNTPs (dATP, dGTP, dCTP, dTTP), 1.5 mM 
MgCL, 2.5 units of AmpliTaq (PERKIN ELMER), 50 
pmoles of Anchor primer (SEQ ID NO: 2), and 1 /A of the 
reaction mixture of the cDNAto which MLC (SEQ ID NO: 
4) and Ampli FINDER Anchor were ligated, over 50 jul of 
mineral oil was layered. Thirty-five cycles of the PCR 
reaction was conducted using Thermal Cycler Model 480J 
(Perkin Elmer) and a temperature cycle of 94° C. for 45 sec; 
60° C. for 45 sec; and 72° C. for 2 min. 
(3) Purification and Fragmentation of the PCR Product 

Each of the DNA fragments amplified by the PCR meth- 
ods described above was separated by agarose gel electro- 
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phoresis using 3% Nu Sieve GTG agarose (FMC Bio. 
Products). For each of the H chain V region and the L chain 

V region, agarose gel fraction containing a DNA fragment of 
about 550 bp in length was excised from the gel, respec- 
tively. Each of the gel fractions obtained was subjected to 5 
purification of the DNA therefrom using GENECLEAN II 
Kit (BIOlOl) in accordance with the procedure by the 
manufacturer. The purified DNA was precipitated from the 
solution with ethanol and then dissolved in 20 /d of a 
solution containing 10 mM Tris-HCl (pH 7.4) and 1 mM lO 
EDTA. One /A of the DNA solution thus prepared was 
digested with restriction enzyme Xmal (New England 
Biolabs) at 37° C. for 1 hour and additionally with restriction 
enzyme EcoRI (Takara Shuzo) at 37° C. for 1 hour. The 
digestion mixture was subjected to extraction with phenol is 
and chloroform and then precipitation with ethanol to collect 
the DNA. 

In this manner, obtained a DNA coding for the mouse H 
chain V region and a DNA coding for the mouse L chain V 
region, both which had an EcoRl recognition sequence on 20 
the 5'-end and an Xmal recognition sequence on the 3'-end 
thereof were obtained. 

Each of the EcoRI-Xmal DNA fragments containing a 
DNA coding for the mouse H chain V region and a DNA 
coding for the mouse L chain V region, respectively, was 25 
reacted with pUC19 vector, which had been digested with 
EcoRI and Xmal, at 16° C. for 1 hour using DNA Ligation 
Kit ver.2 (Takara Shuzo) in accordance with the procedure 
by the manufacturer to ligate to each other. The ligation 
mixture (10 /d) thus obtained was added to 100 /ul of a 30 
solution containing competent cells of E. coli, JM 109 
(Nippon Gene). The cell mixture was allowed to stand for 15 
min. on ice, at 42° C. for 1 min. and further for 1 min. on 
ice. The resultant was mixed with 300 fil of SOC culture 
medium (Molecular Cloning: A Laboratory Manual, 3S 
Sambrook, et al. Cold Spring Harbor Laboratory Press, 
1989) and then incubated at 37° C. for 30 min. The resultant 
cell solution was spread on a LB or 2xYT agar medium 
(Molecular Cloning: A Laboratory Manual, Sambrook, et al.. 
Cold Spring Harbor Laboratory Press, 1989) supplemented 40 
with 100 or 50 fig/ml of ampicillin, 0.1 mM of IPTG and 20 
fig/m\ of X-gal and then incubated at 37° C. overnight. In 
this manner, E. coli transformants were prepared. 

The transformants were cultured overnight in 2 ml of a LB 
or 2xYT medium containing 100 or 50 fig/ml of ampicillin 4S 
at 37° C. and then plasmid DNA was prepared from the cell 
fraction using Plasmid Extracter PI-1002 (Kurabou) or 
QlAprep Spin Plasmid Kit (QIAGEN). The plasmid DNAs 
thus obtained were determined for their DNA sequences. 
(4) Sequencing of cDNA Coding for V Region of Mouse so 
Antibody 

The sequence of the cDNA coding region carried on the 
plasmid was determined by DNA Sequencer 373A (ABI; 

Perkin-Elmer) using Dye Terminator Cycle Sequencing Kit 
(Perkin-Elmer). This DNA sequence was determined by 55 
confirming the base sequence in the both orientations using 
primers, M13 Primer M4 (Takara Shuzo) (SEQ ID NO: 5) 
and M13 Primer RV (Takara Shuzo) (SEQ ID NO: 6). 

The plasmids thus obtained, which contained a cDNA 
coding for the mouse H chain V region and a cDNA coding 60 
for the mouse L chain V region derived from hybridoma 
#23-57-137-1, were designated "MBC1H04" and 
"MBC1L24", respectively. The sequences (including the 
corresponding amino acids sequences) of the DNA coding 
for the II chain V region and the DNA coding for the L chain 65 

V region of mouse #23-57-137-1 antibody (respectively 
carried on plasmid MBC1H04 and plasmid MBC1H24) 



were shown in SEQ. ID NOs: 57 and 65, respectively Both 
of the polypeptides for the H chain V region fragment and 
for the L chain V region fragment were translated starting 
from the 58th base (which coding for glutamine) in the DNA 
sequences shown in SEQ ID NOs: 57 and 65. The amino 
acid sequences for the H chain V region and the L chain V 
region were shown in SEQ. ID NOs: 46 and 45, respectively. 

The E. coli having plasmid MBC1H04 and the E. coli 
having plasmid MBC1L24 were designated "Escherichia 
coli JM109 (MBC1H04)" and "Escherichia coli JM109 
(MBC1L24)", respectively. These E. coli strains have been 
deposited under the terms of the Budapest Treaty at the 
National Institute of Bioscience and Human-Technology, 
Agency of Industrial Science and Technology, Japan (1-3, 
Higashi 1-chome, Tsukuba-shi, Ibaragi-ken, Japan) on Aug. 
15, 1996 under the Accession No. PERM BP-5628 for 
Escherichia coli JM109 (MBC1H04) and PERM BP-5627 
for Escherichia coli JM109 (MBC1L24), respectively 
(5) Determination of CDR of Mouse Monoclonal Antibody 
#23-57-137-1 Against Human PTHrP 

The general structures of the H chain V region and the L 
chain V region are similar to each other. That is, both 
structures have four framework regions ligated through three 
hypervariable regions [i.e., complementarity determining 
regions (CDRs)]. The amino acid sequences of the frame- 
work regions are relatively well conserved, while the amino 
acid sequences of the CDR regions exhibit an extremely 
high mutagenicity (Kabat, E. A. et al., "Sequence of Proteins 
of Immunological Interest", US Dept. Heahh and Human 
Services, 1983). 

On the basis of the above-mentioned facts, the CDRs were 
determined by searching the homology of amino acid 
sequences of the mouse monoclonal antibody V region by 
reference to the Date Base of amino acid sequences for 
antibodies established by Kabat et al. 

The amino acid sequences of CDRs 1-3 in the L chain V 
region are shown in SEQ ID Nos: 59-61, respectively, and 
the amino acid sequences of DCRs 1-3 in the H chain V 
region are shown in SEQ ID Nos: 62-64, respectively. 

TABLE 2 

V region SEQ ID NO. CDRl CDR2 CDR3 



EXAMPLE 2 

Construction of Chimeric Antibody 
(1) Construction of Chimeric Antibody H Chain 
(i) Construction of H Chain V Region 

The cloned cDNA coding for mouse H chain V region was 
modified by a PCR method to ligate it to an expression 
vector carrying the genomic DNA for the human H chain C 
region Cyl. The downstream-side primer MBCl-Sl (SEQ 
ID NO: 7) used was designed so as to be hybridizable to the 
DNA coding for the 51 '-end region of the leader sequence of 
the V region and to have both a Kozak consensus sequence 
(Kozak, M. et al., J. Mol. Biol., 196, 947-950, 1987) and a 
Hindlll-recognition sequence. The upstream-side primer, 
MBCl-a (SEQ ID NO: 8), used was designed so as to be 
hybridizable to the DNA coding for the 3'-end region of the 
J region and to have both a sphce donor sequence and a 
Bamlll-recognition sequence. The PCR reaction was con- 
ducted using TaKaRa Ex Taq (Takara Shuzo) and a buffer 
appended thereto. The PCR solution (50 fiV) used comprised 
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0.07 ^ig of plasmid MBC1H04 as a template DNA, 50 
pmoles of MBCl-a and 50 pmoles of MBCl-Sl as primers, 
2.5U of TaKaRa Ex Taq and 0.25 mM dNTP in the buffer, 
over which 50 of mineral oil was layered. Thirty cycles of 
the PCR reaction was conducted using a temperature cycle 5 
of 94° C. for 1 min.; 55° C. for 1 min.; 72° C. for 2 min. The 
DNA fragments thus amplified by the PCR reaction were 
separated by agarose gel electrophoresis using 3% Nu Sieve 
GTG Agarose (FMC Bio. Products). 

Then, an agarose gel fragment containing a DNA frag- 
ment of 437 bp in length was excised and the DNA fragment 
was purified therefrom using GENECLEAN 11 Kit (BIO 101) 
in accordance with an instruction included in the kit. The 
purified DNA was collected by ethanol precipitation, and 
then dissolved in 20 /A of a solution comprising 10 mM 
Tris-HCl (pH 7.4) and 1 mM EDTA. One //I of the resultant 15 
DNA solution was digested with restriction enzymes BamHl 
and Hindlll (Takara Shuzo) at 37° C. for 1 hour. The 
digestion mixture was extracted with phenol and chloroform 
and then precipitated with ethanol to collect a DNA. 

The obtained Hindlll-BamHl DNA fragment, which con- 20 
tains a DNA cording for the mouse H chain V region, was 
siihcloncd into pU(M9 vector which had been digested with 
Hindlll and lianilll. The resultant plasmid was sequenced 
by DNA Sequencer 373A(Perkin-Elmer) using M13 Primer 
M4 and M13 Primer RV as primers, and Dye Terminator 25 
Cycle Sequencing Kit (Perkin-Elmer). The plasmid con- 
tained a DNAof correct base sequence coding for the mouse 
H chain V region derived from hybridoma #23-57-137-1 and 
had a Hindlll-recognition sequence and a Kozak sequence 
on its 5'-end region and a BamHI-recognition sequence on 
its 3'-end region was designated "MBClH/pUC19". 
(ii) Construction of H Chain V Region to be Used for the 
Preparation of cDNA-Type of Mouse-Human Chimeric H 
Chain 

The DNA coding for the mouse H chain V region con- 
structed in the above step was modified by a PCR method to ^5 
ligate it to a cDNAfor the human H chain C region C\l . I'hc 
backward primer, MBC1HVS2, (SEQ II) N(^: ')) used lor 
the modification of H chain V region was dcsiiinLcl sd as to 
replace the second amino acid (i.e., a.sparaginc) of the 
sequence coding for the front portion of the leader sequence 40 
of the V region with glycine and to have a Kozak consensus 
sequence (Kozak, M. et al., J. Mol. Biol., 196, 947-950, 
1987) and the Hindlll- and EcoRl-recognition sequences. 
The forward primer MBC1HVR2 (SEQ ID NO: 10) used for 
the modification of H chain V region was designed so as to 45 
be hybridizable to the DNA sequence coding for the 3'-end 
region of the J region, to coding for the 5'-end region of the 
C region and to have Apal- and Smal -recognition sequences. 

The PCR reaction was conducted using TaKaRa Ex Taq 
(Takara Shuzo) and a buffer appended thereto. ITie PCR so 
solution (50 (£) used comprised 0.6 fig of plasmid MBCIH/ 
pUC19 as a template DNA, 50 pmoles of MBC1HVS2 and 
50 pmoles of MBC1HVR2 as primers, 2.5U of TaKaRa Ex 
Taq and 0.25 mM of dNTP in the buffer, over which 50 fA 
of mineral oil was layered. Thirty cycles of the PCR reaction 55 
was conducted using a temperature cycle of 94° C. for 1 
min.; 55° C. for 1 min.; 72° C. for 1 min. The DNA 
fragments amplified by the PCR reaction were separated by 
agarose gel electrophoresis using 1% Sea Kem GTG Aga- 
rose (FMC Bio. Products) Then, an agarose gel fragment 60 
containing a DNA fragment of 456 bp in length was excised 
and the DNA fragment was purified therefrom using 
GENECLEAN 11 Kit (BlOlOl) in accordance with the 
procedure by the manufacturer. The purified DNA fragments 
were precipitated with ethanol and then dissolved in 20 fA of 65 
a solution comprising 10 mM Tris-HCl (pH 7.4) and 1 mM 
EDTA. 
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One ji\ of the resultant DNA solution was digested with 
restriction enzymes EcoRl and Smal (Takara Shuzo) at 37° 
C. for 1 hour. The digestion mixture solution was extracted 
with phenol and chloroform and then precipitated with 
ethanol to collect the DNA. The obtained EcoRI-Smal DNA 
fragments, which contains a DNA coding for the mouse H 
chain V region, was subcloned into pUC19 vector which had 
been prepared by digesting the plasmid with EcoRl and 
Smal. The resultant plasmid was sequenced by DNA 
Sequencer 373A (Perkin-Elmer) using M13 Primer M4 and 
M13 Primer RV as primers, and Dye Terminator Cycle 
Sequencing Kit (Perkin-Elmer). The plasmid which con- 
tained a DNAof correct base sequence coding for the mouse 
H chain V region derived from hybridoma #23-57-137-1 and 
had a Hindlll-recognition sequence and a Kozak sequence 
on its 5'-end region and Apal- and Smal-recognition 
sequences on its 3'-end region was designated "MBClHv/ 
pUC19". 

(iii) Construction of Expression Vector for Chimeric Anti- 
body H Chain 

cDNA containing human antibody H chain C region Cyl 
was prepared as follows. 

mRNA was prepared from a CHO cell into which both an 
expression vector DHFR-AE-RVh-PM-l-f (see W092/ 
19759) coding for the genomic DNAs of the humanized 
PMl antibody H chain V region and the human antibody 11 
chain C region IgGl and an expression vector RVl-PMla 
(see W092/19759) coding for the genomic DNAs of the 
humanized PMl antibody L chain V region and the human 
antibody L chain k chain C region had been introduced. 
Using the mRNA obtained, was cloned a cDNA containing 
the humanized PMl antibody H chain V region and the 
human antibody C region Cyl by a RT-PCR method, and 
then subcloned into plasmid pUC19 on the Hindlll-BamHI 
site. The plasmid subcloned was determined for its DNA 
sequence and the plasmid which had a correct base sequence 
was designated "pRVh-PMlf-cDNA". 

Expression vector DHFR-AE-RVh-PM-l-f which had 
deletions of in the Hindlll site between SV40 promoter and 
DHFR gene and the EcoRl site between EF-la promoter 
and the humanized PMl antibody H chain V region was 
prepared for the construction of an expression vector for 
cDNA containing the humanized PMl antibody H chain V 
region and the human antibody C region Cyl. 

The plasmid pRVh-PMlf-cDNA obtained was digested 
with BamHI, blunt-ended with Klenow fragment, and fur- 
ther digested with Hind-III, to thereby obtain a blunt-ended 
Hindlll-BamHl fragment. This blunt-ended Hindlll-BamHl 
fragment was ligated to the above-mentioned Hindlll site- 
and EcoRI site-deleted expression vector DHFR-AE-RVh- 
PMl-f which had been digested with Hindlll and BamHI to 
consfruct expression vector RVh-PMlf-cDNA containing 
cDNAs coding for the humanized PMl antibody H chain V 
region and the human antibody C region Cyl, respectively. 

The expression vector RVh-PMlf-cDNA containing 
cDNAs coding for the humanized PMl antibody H chain V 
region and the human antibody C region Cyl was digested 
with Apal and BamHI, and the DNA fragment containing the 
H chain C region was collected therefrom. The resultant 
DNA fragment was introduced into the above-mentioned 
plasmid MBClHv/pUC19 which had been digested with 
Apal and BamHI. The plasmid thus prepared was designated 
"MBClHcDNA/pUC19". This plasmid is a plasmid con- 
tained cDNAs coding for the mouse antibody H chain V 
region and the human antibody C region Cyl, respectively, 
and having EcoRI- and Hindlll-recognition sequences on its 
5'-end and a BamHI-recognition sequence on its 3'-end. 



APPEAL BRIEF Serial No. 10/520,085 



Evidence Appendix (k) - Page 53 of 107 



US 6,903. 

33 

The plasmid MBClHcDNA/pUC19 was digested with 
EcoRI and BamHI to obtain a DNA coding for the chimeric 
antibody H chain. The resultant DNA fragment was intro- 
duced into expression vector pCOSl which had been 
digested with EcoRI and BamHI. The expression vector for 5 
the chimeric antibody thus obtained was designated 
"MBClHcDNA/pCOSl". Here, the expression vector 
pCOSl was constructed using HEF-PMh-gyl (see W092 
19759) by deleting therefrom the antibody gene by means of 
the digestion with EcoRI and Smal, and then ligating it to lO 
EcoRl-Notl-BamHl Adaptor (Takara Shuzo). 

For preparing a plasmid for the expression in a CHO cell, 
the plasmid MBClHcDNA/pUC19 was digested with 
EcoRI and BamHI to obtain a DNA coding for the chimeric 
antibody H chain, which was then introduced into expres- 15 
sion plasmid pCHOl which had been digested with EcoRI 
and BamHI. The expression plasmid for the chimeric anti- 
body thus obtained was designated "MBClHcDNA/ 
pCHOl". Here, the expression vector pCHOl was con- 
structed using DHFR-AE-rvH-PMl-f (see W092/19759) by 20 
deleting therefrom the antibody gene by means of the 
digestion with EcoRI and Smal, and then ligating it to 
EcoRI-Notl-BamHI Adaptor (Takara Shuzo). 
(2) Construction of Human L Chain C Region 
(i) Preparation of Cloning Vector 25 

To construct pUC19 vector containing the human L chain 
C region, a Hindlll site-deleted pUC19 vector was prepared. 
Two fig of pUC19 vector was digested in 20 /A of a reaction 
solution comprising 20 mM Tris-HCl (pH 8.5), 10 mM 
MgCK, I inM D IT, 100 mM KCl, 8 U of Hindlll (Takara 30 
Shuzo) at 37° C. for 1 hour. The resultant digestion mixture 
solution was extracted with phenol and chloroform and then 
was subjected to ethanol precipitation to collect the DNA of 
interest. 

The DNA thus collected was reacted in 50 fi\ of a reaction 35 
solution comprising 50 /iM Tris-HCl (pH 7.5), 10 mM 
MgCl2, 1 mM DTT, 100 mM NaCl, 0.5 mM dNTP and 6U 
of Klenow fragment (GIBCO BRL) at room temperature for 
20 min. to thereby render the ends of the DNA blunt. This 
reaction mixture was extracted with phenol and chloroform 40 
and then subjected to ethanol precipitation to collect the 
vector DNA. 

The vector DNA thus collected was reacted in 10 fil of a 
reaction solution comprising 50 mM Tris-HCl (pH 7.6), 10 
mM MgCl2, 1 mM ATP, 1 mM DTT, 5% (v/v) polyethylene 45 
glycol-8000 and 0.5 U of T4 DNAHgase (GIBCO BRL) at 
16° C. for 2 hours to cause self-legation of the vector DNA. 
5 //I ol' the reaction solution was added to 100 fil of a solution 
containing competent cells of £. coli strain JM109 (Nippon 
Gene) and the resultant solution was allowed to stand on ice 50 
for 30 min., at 42° C. for 1 min. and further on ice for 1 min. 
500 ml of SOC culture medium was added to the reaction 
solution, and then incubated at 37° C. for 1 hour. The 
resultant solution was plated on a 2xYT agar medium 
(containing 50 ,Hg/ml of ampicillin) which had been applied 55 
with X-gal and IPTG on its surface (Molecular Cloning: A 
Laboratory Manual, Sambrook, et al.. Cold Spring Harbor 
Laboratory Press, 1989), and then cultured at 37° C. 
overnight, thereby obtaining a transformant. 

The transformant was cultured on a 2xYT medium con- 60 
taining 50 figjml of ampicillin at 37° C. overnight. From the 
cell fraction of the culture medium, was purified a plasmid 
DNA using Plasmid Mini Kit (QIAGEN) in accordance with 
an instruction included in the kit. The purified plasmid was 
digested with Hindlll. The plasmid which was confirmed to 65 
have a Hindlll site-deletion was designated "pUClQ AHin- 
dlll". 
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(ii) Construction of DNA Coding for Human L Chain X 
Chain C Region 

The human antibody L chain X chain C region has been 
known to have at least four isotypes including Mcg*Ke*Oz", 
Mcg-Ke*Oz-, Mcg*Ke*Oz* and Mcg*Ke*Oz* (P. 
Dariavach, et al., Proc. Natl. Acad. Sci. USA, 84, 
9074-9078, 1987). The search was made for a human 
antibody L chain Xchain C region homologous to the #23- 
57-137-1 mouse L chain X chain C region based on the 
EMBL data base. As a result, it was found that the isotype 
Mcg*Ke*Oz- (Accession No. X57819) (P. Dariavach, et al., 
Proc. Natl. Acad. Sci. USA, 84, 9074-9078, 1987) of the 
human antibody L chain X chain exhibited the highest 
homology with the #23-57-137-1 mouse L chain X chain C 
region and showed 64.4% homology in terms of amino acid 
sequence and 73.4% homology in terms of DNA sequence. 

Then, the construction of the DNA coding for the human 
antibody L chain X chain C region was conducted by a PCR 
method. Each of the following primers used was synthesized 
using 394 DNA/RNA Synthesizer (ABI). The primers syn- 
thesized were HLAMBl (SEQ ID NO: 11) and HLAMB3 
(SEQ ID NO: 13) both having a sense DNA sequence and 
HLAMB2 (SEQ ID NO: 12) and HLAMB4 (SEQ ID NO: 
14) both having an antisense DNA sequence, each primer 
containing a complementary sequence of 20-23 bp in length 
on the both ends. 

External primers HLAMBS (SEQ ID NO: 15) and 
III.AMHR (SEQ ID NO: 16) have a sequence complemen- 
tary to the primers HLAMBl and HLAMB4, respectively, 
and contain the EcoRI-, Hindlll- and Blnl-recognition 
sequences and the EcoRI -recognition sequence, respec- 
tively. In the first PCR reaction, the HLAMB1-HLAMB2 
and HLAMB3-HLAMB4 reactions were conducted. After 
the reactions were completed, both of the resultants were 
mixed with each other in equivalent quantities, and then 
assembled in the second PCR reaction. To the resultant 
reactant, were added the external primers HLAMBS and 
HLAMBR. This reaction mixture was subjected to the third 
PCR reaction for amplifying the full length DNA. 

The PCR reactions were conducted using TaKaRa Ex Taq 
(Takara Shuzo) in accordance with the procedure by the 
manufacturer. In the first PCR reaction, was used 100 fA of 
either a reaction solution comprising 5 pmoles of HLAMBl, 
0.5 pmole of HLAMB2 and 5U of TaKaRa Ex Taq (Takara 
Shuzo) or a reaction solution comprising 0.5 pmole of 
HLAMB3, 5 pmoles of HLAMB4 and 5U of TaKaRa Ex 
Taq (Takara Shuzo), over which 50 /d of mineral oil was 
layered, and five cycles of the PCR reaction was conducted 
using a temperature cycle program of 94° C. for 1 min., 60° 
C. for 1 min. and 72° C. for 1 min. In the second PCR 
reaction, was used a mixture of 50 fd of each of the reaction 
solutions, over which 50 fil of mineral oil was layered, and 
three cycles of the PCR reaction was conducted using a 
temperature cycle program of 94° C. for 1 min., 60° C. for 
1 min. and 72° C. for 1 min. In the third PCR reaction, the 
reaction solution to which 50 pmoles of each of the external 
primers HLAMBS and HLAMBR were added was used, and 
thirty cycles of the PCR reaction was conducted using a 
temperature cycle program of 94° C. for 1 min., 60° C. for 
1 min. and 72° C. for 1 min. 

The DNA fragment obtained by the third PCR reaction 
was subjected to electrophoresis using 3% low melting 
agarose gel (NuSieve GTG Agarose, FMC), and collected 
and purified from the gel using GENECLEAN II Kit 
(BIOlOl) in accordance with the procedure included in the 
kit. 

The DNA fragment thus obtained was digested in 20 fil of 
a reaction solution comprising 50 mM Tris-HCl (pH 7.5), 10 
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mM MgClji 1 mM DTT, 100 mM NaCl and 8U of EcoRI 
(Takara Shuzo) at 37° C. for 1 hour. The digestion solution 
was extracted with phenol and chloroform and then precipi- 
tated with ethanol to thereby obtain the DNA. The DNAwas 
collected and dissolved in 8 //I of a solution comprising 10 5 
mM Tris-HCl (pH 7.4) and 1 mM EDTA. 

0.8 ng of the plasmid pUC19 AHindlll was digested with 
EcoRI in the same manner as mentioned above. The diges- 
tion solution was extracted with phenol and chloroform, 
followed by ethanol precipitation, obtaining a digested plas- 
mid pUC19 AHindlll. The digested plasmid thus obtained 
was reacted in 50 /aI of a reaction solution comprising 50 
mM Tris-HCl (pH 9.0), 1 mM MgCl2 and alkaline phos- 
phatase (E. coli C75; Takara Shuzo) at 37° C. for 30 min. to 
dephosphorylate the plasmid (i.e., BAP-treatment). The 
reaction solution was subjected to phenol and chloroform i-"' 
extraction and ethanol precipitation to obtain the DNA. The 
DNA thus obtained was dissolved in 10 //I of a solution 
comprising 10 mM Tris-HCl (pH 7.4) and 1 mM EDTA. 

One fi\ of the BAP-treated plasmid pUC19 AHindlll thus 
prepared was mixed with 4 f.i\ of the DNA obtained by the 20 
above-mentioned PCR reaction to ligate to each other using 
DNA Ligation Kit Ver.2 (Takara Shuzo). The resultant 
plasmid was introduced into a competent cell of E. coli, 
JM109, to form a transformant. The transformant was cul- 
tured overnight in 2 ml of a 2xYT medium containing 50 25 
^g/ml of ampicilHn. From the cell, the plasmid was purified 
using QIAprep Spin Plasmid Kit (QIAGEN). 

With respect to the plasmid described above, the cloned 
DNAwas confirmed on its sequence. For determination the 
DNA sequence, 373A DNA Sequencer (ABI) and primers 30 
"M13 Primer M4" and "MB Primer RV" (Takara Shuzo) 
were used. As a result, it was found that the cloned DNAhad 
a deleted portion of 12 bp in length therein. The plasmid 
containing the DNA was designated "cXA/pUC19". Then, 
for making up for the portion, primers, HCLMS (SEQ ID 35 
NO: 17) and HCLMR (SEQ ID NO: 18), were newly 
synthesized and a correct DNA was reconstructed by a PCR 
method. 

The first PCR reaction was conducted, using the plasmid 
cXA/pUC19 containing the deleted DNA as a template, and 40 
the primers HLAMBS and HCLMS or primers HCLMS and 
HLAMB4. Each of the PCR reaction products was purified 
respectively. In the second PCR reaction, the PCR products 
were assembled with each. To the resultant, were added 
external primers HLAMBS and HLAMB4, followed by the 45 
third PCR reaction for amplifying the full length DNA. 

In the first PCR reaction, 100 fii of a reaction solutions 
comprising 0.1 fig CXA/pUC19 as a template, either 50 
pmoles of each of the primers HLAMBS and HCLMR or 50 
pmoles of each of the primers HCLMS and HLAMB4, and 50 
5 U of TaKaRa Ex Taq (Takara Shuzo) was used, over which 
50 ^1 of mineral oil was layered, and thirty cycles of the PCR 
reaction was conducted using a temperature cycle of 94° C. 
for 1 min., 60° C. for 1 min. and 72° C. Rl for 1 min. 

The PCR products, HLAMBS-HCLMR (236 bp) and 55 
HCLMS-HLAMB4 (147 bp) were subjected to electro- 
phoresis using 3% low melting agarose gel to isolate the 
DNA fragment. The DNA fragment was then collected and 
purified from the gel using GENECLEAN II Kit (BIOlOl). 
In the second PCR reaction, 20 ^ of a reaction solution 60 
comprising 40 ng of the purified DNA fragments and lU of 
TaKaRa Ex Taq (Takara Shuzo) were used, over which 25 fiX 
of mineral oil was layered, and five cycles of a temperature 
cycle of 94° C. for 1 min., 60° C. for 1 min. and 72° C. for 
1 min. was executed. 65 

In the third PCR reaction, 100 lA of a reaction solution 
comprising 2 fiX of the reaction solution obtained by the 
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second PCR reaction, 50 pmoles of each of external primers 
HLAMBS and HLAMB4 and 5U of TaKaRa Ex Taq (Takara 
Shuzo) were used, over which 50 (A of mineral oil was 
layered, and thirty cycles of the PCR reaction was conducted 
using a temperature cycle of 94° C. for 1 min., 60° C. for 1 
min. and 72° C. for 1 min., thereby obtaining a DNA 
fragment of 357 bp in length (third PCR product). The DNA 
fragment was subjected to electrophoresis using 3% low 
melting agarose gel to isolate the DNA fragment. The 
resultant DNA fragment was collected and purified using 
GENECLEAN Kit (BlOlOl). 

An amount of 0.1 fig of the DNA fragment thus obtained 
was digested with EcoRI, and then subcloned into a plasmid 
pUC19 AHindlll which had been treated with BAP. The 
resultant plasmid was introduced into a competent cell of £. 
coli, JM109, to form a transformant. The transformant thus 
prepared was cultured overnight in 2 ml of a 2xYT medium 
containing 50 /<g/ml of ampicillin. From the cell fraction, the 
plasmid was purified using QIAprep Spin Plasmid Kit 
(QIAGEN). 

The DNA sequence of the plasmid thus obtained was 
confirmed by using M13 Primer M4 and M13 Primer RV 
(Takara Shuzo) and determined 373A DNA Sequencer 
(ABI). The plasmid confirmed to have the correct DNA 
sequence without any deletion was designated "CX/pUC19". 
(iii) Construction of DNA Coding for Human L Chain, K 
Chain C Region 

A DNA fragment coding for the L chain K chain C region 
was cloned from plasmid HEF-PMlk-gk (W092/19759) by 
a PCR method. The forward primer HKAPS (SEQ ID NO: 
19) was designed so as to contain the EcoRI- and Hindlll 
and Blnl-recognition sequences and the backward primer 
HKAPA(SEQ ID NO: 20) was designed so as to contain the 
EcoRI-recognition sequence, and both of them were syn- 
thesized using 394 DNA/RNA Synthesizer (ABI). 

A PCR reaction was conducted using 100 fA of a reaction 
solution comprising 0.1 fig of plasmid HEF-PMlk-gk as a 
template, 50 pmoles of each of primers HKAPS and HKAPA 
and 5U of TaKaRa Ex Taq (Takara Shuzo), over which 50 fA 
of mineral oil was layered. Thirty cycles of the PCR reaction 
was conducted using a temperature cycle of 94° C. for 1 
min., 60° C. for 1 min. and 72° C. for 1 min., thereby 
obtaining a DNA fragment of 360 bp in length. The DNA 
fragment was isolated by electrophoresis using 3% low 
melting agarose, and then collected and purified using 
GENECLEAN II Kit (BIOlOl). 

The DNA fi-agment thus obtained was digested with 
EcoRI and then cloned into plasmid pUC19 AHindlll which 
had been treated with BAP. The resultant plasmid was 
introduced into a competent cell of i. coli, JM109, to obtain 
a transformant. The transformant thus obtained was cultured 
overnight in 2 ml of 2xYT medium containing 50 /ig/ml of 
ampicillin. From the cell liaction, the plasmid was purified 
using QIAprep Spin Plasmid Kit (QIAGEN). 

The purified plasmid DNA was sequenced using M13 
Primer M4 and M13 Primer RV (Takara Shuzo) by means of 
373A DNA Sequencer (ABI). The plasmid which was con- 
firmed to have a correct base sequence was designated 
"CK/pUC19". 

(3) Construction of Chimeric Antibody L Chain Expression 

Chimeric #23-57-137-1 antibody L chain expression vec- 
tor was constructed. The DNA coding for #23-57-137-1 L 
chain V region was Hgated to the Hindlll and Blnl sites, 
present just front of the human antibody C region, of each 
of the plasmid CVpUC19 and CK/pUC19, thereby obtaining 
pUC19 vectors each containing DNA coding for the chi- 
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meric #23-57-137-1 antibody L chain V region and L chain 
X or K chain C region. Each of the resultant vectors was then 
digested with EcoRI to excise the DNA coding for the 
chimeric antibody L chain and the DNA was subcloned into 
HEF expression vector. 

The DNA coding for #23-57-137-1 antibody L chain V 
region was cloned from plasmid MBC1L24 by a PCR 
method. The primers were individually synthesized using 
394 DNA/RNA Synthesizer (ABI). The backward primer 
MBCCHLl used (SEQ ID NO: 21) was designed to contain 
a Hindlll-recognition sequence and a Kozak sequence 
(Kozak, M. et al., J. Mol. Biol. 196, 947-950, 1987) and the 
forward primer MBCCHL3 (SEQ ID NO: 22) was designed 
to contain Bglll- and RcoRI -recognition sequences. 

The PCR reaction was conducted using 100 fA of a 
reaction solution comprising 10 mM Tris-HCI (pH 8.3), 50 
mM KCl, 1.5 mM MgCl2, 0.2 mM dNTP, 0.1 fig MBC1L24, 
50pmolesof each of primers MBCCHLl and MBCCHL3 as 
primers and 1 ftl of AmpliTaq (PERKIN ELMER), over 
which 50 fil of mineral oil was layered. Thirty cycles of the 
PCR reaction was conducted using a temperature cycle of 
94° C. for 45 sec, 60° C. for 45 sec. and 72° C. for 2 min. 

The DNA fragment of 444 bp was electrophoresed using 
3% low melting agarose gel, and collected and purified using 
GENECLEAN Kit (BIOlOl). The purified DNA fragment 
was dissolved in 20 fil of a solution containing 10 mM 
Tris-HCI (pH 7.4) and 1 mM EDTA. One /il of the P(^R 
product was digested in 20 /A of a reaction solution com- 
prisino 10 mM Tris-HCI (pH 7.5), 10 mM MgCL, 1 mM 
D IT; 50 mM NaCn, 8U of Hindlll (Takara Shuzo) and 8U 
ol EcoRI ( Takara Shuzo) at 37° C. for 1 hour. The digestion 
solution was extracted with phenol and chloroform, fol- 
lowed by ethanol precipitation to collect the DNA as pre- 
cipitates. The DNA thus obtained was dissolved in 8 ^1 of a 
solution comprising 10 mM Tris-HCI (pH 7.4) and 1 mM 
EDTA. 

One fig of plasmid pUC19 was digested willi Ilindlll and 
EcoRI in the same manner as mentioned above, and llien 
extracted with phenol and chloroform, followed by ethanol 
precipitation to collect the digested plasmid. I'he resultant 
was treated with BAP [i.e., an alkaline phosphatase (E. coli 
C75; Takara Shuzo)]and then extracted with phenol and 
chloroform, followed by ethanol precipitation, thereby 
obtain the DNA. The resultant DNA was dissolved in 10^1 
of a solution comprising 10 mM Tris-HCI (pH 7.4) and 1 
mM EDTA. 

One fil of the BAP treated plasmid pUC19 was mixed 
with 4 fA of the above-mentioned PCR product to Ugate each 
other using DNA Ligation Kit Ver. 2 (Takara Shuzo). The 
resultant plasmid was introduced into a competent cell of £. 
coli, JM109 (Nippon Gene), in the same manner as 
described above to form a transformant. The transformant 
was inoculated overnight on a 2xYT agar medium contain- 
ing 50 fig/ml of ampicillin at 37° C. The resultant transfor- 
mant was then cultured overnight in 2 ml of a 2xYT medium 
containing 50 fig/ml of ampicillin at 37° C. From the cell 
fraction, the plasmid was purified using QIAprep Spin 
Plasmid Kit (QIAGEN). After determining the DNA 
sequence, the plasmid confirming to have a correct DNA 
sequence was designated "CHL/pUC19". 

One fig of each of plasmids CX/pUC19 and CX/pUC19 
was respectively digested in 20 /d of a reaction solution 
comprising 20 mM Tris-HCI (pH 8.5), 10 mM MgCl2, 1 mM 
DTT, 100 mM KCl, 8 U of Hindlll (Takara Shuzo) and 2U 
of Dlnl (Takara Shuzo) at 37° C. for 1 hour. The digestion 
solution was extracted with phenol and chloroform, fol- 
lowed by ethanol precipitation, thereby obtaining a DNA. 
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The DNA was treated with BAP at 37° C. for 30 min. and 
then extracted with phenol and chloroform, followed by 
ethanol precipitation. The resultant was dissolved in 10 fd of 
a solution comprising 10 mM Tris-HCI (pH 7.4) and 1 mM 
5 EDTA. 

Eight fig of the plasmid CHL/pUC19 which contained a 
DNA coding for #23-57-137-1 L chain V region was 
digested with Hindlll and Blnl in the same manner as 
mentioned above. The DNA fragment of 409 bp in length 

10 thus obtained was electrophoresed using 3% low melting 
agarose gel and then collected and purified using 
GENECLEAN II Kit (BIOlOl) from the gel. The DNA 
fragment was dissolved in 10 fd of a solution comprising 10 
mM Tris-HCI (pH 7.4) and 1 mM EDTA. 

15 Four fi\ of the L chain V region DNA was subcloned into 

1 fil of each of the BAP-treated plasmids CVpUC19 or 
CK/pUC19, and then introduced into a competent cell oiE. 
coli, JM109, to format a transformant. The transformant was 
cultured overnight in 3 ml of a 2xYT medium containing 50 

20 fig/m\ of ampicillin. From the cell fraction, the plasmid was 
isolated and purified using QIAprep Spin Plasmid Kit 
(QIAGEN). The plasmids thus prepared were designated 
"MBClL(X)/pUC19" and "MBClL(K)/pUC19", respec- 

25 Each of plasmids MBClL(X)/pUC19 and MBCIL(k)/ 
pUC19 was digested with EcoRI and then subjected to 
electrophoresis using 3% low mehing agarose gel. A DNA 
fragment of 743 bp in length was isolated and purified from 
the gel using GENECLEANII Kit (BIOlOl) and dissolved 

30 in 10 fd of a solution comprising 10 mM Tris-HCI (pH 7.4) 
and 1 mM EDTA. 

An amount of 2.7 fig of expression vector, plasmid 
HEF-PMlk-gk, was digested with EcoRI and then extracted 
with phenol and chloroform, followed by ethanol 

35 precipitation, thereby obtaining a DNA fragment. The DNA 
fragment was treated with BAP, and then subjected to 
electrophoresis using 1% low melting agarose gel. From the 
gel, a DNA fragment of 6561 bp in length was isolated and 
purified therefrom using GENECLEANII Kit (BIOlOl). 

40 The DNA fragment was dissolved in 10 fd of a solution 
comprising 10 mM Tris-HCI (pH 7.4) and 1 mM EDTA. 
The HEF vector thus prepared was treated with BAP, and 

2 fA of the BAP-treated HEF vector was mixed with 3 fA of 
the EcoRI fragments of plasmids MBClL(X)/pUC19 or 

45 MBClL(K)/pUC19, to ligate to each other. The ligation 
product was introduced into a competent cell of E. coli, 
JM109, to form a transformant. The transformant was cul- 
tured in 2 ml of a 2xYT medium containing 50 fig/ml of 
ampicillin. From the cell fraction, the plasmid was purified 

so using QIAprep Spin Plasmid Kit (QIAGEN). 

The plasmid DNA thus purified was digested in 20 fil of 
a reaction solution comprising 20 mM Tris-HCI (pH 8.5), 10 
mM MgClj, 1 mM DTT, 100 mM KCl, 8 U of Hindlll 
(Takara Shuzo) and 2 U of Pvul (Takara Shuzo) at 37° C. for 

55 1 hour. In this digestion reaction, it was assumed that if the 
above-mentioned DNA fragment was inserted into the vec- 
tor in the correct orientation, a digestion fragment of 5104/ 
2195 bp would be obtained, whereas if the above-mentioned 
DNA fragment was inserted into the vector in the reverse 

60 orientation, a digestion fragment of 4387/2926 bp would be 
obtained. Based on this assumption, the plasmids in which 
the fragment was inserted in a correct orientation were 
designated "MBClL(X)/neo" and "MBClL(K)/neo", respec- 

65 (4) Transfection of COS-7 Cells 

The expression plasmids prepared above were each 
expressed transiently using COS-7 cells in order to evaluate 
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the chimeric antibody on its binding with and neutralizing 
activities against antigen. 

The transient expression of the chimeric antibody was 
conducted using a combination of either plasmids 
MBClHcDNA/pCOSl and MBCIL (X)/neo or plasmids 5 
MBClHcDNA/pCOSl and MBClL(K)/neo by means of 
electroporation using Gene Pulser (Bio Rad) to co-transfect 
each of these plasmid DNA combinations into COS-7 cells. 
That is, into 0.8 ml of a cell suspension in which COS-7 cells 
were suspended in PBS(-) in a concentration of 1x10^ 
cells/ml, 10 fig of each of the plasmid DNAs was added. The 
resultant solution was appHed with pulses at an electrostatic 
capacity of 1,500V and 2 /<F to cause electroporation. After 
10 min. of recovery period at room temperature, the cells 
were suspended in a DMEM medium containing. 2% Ultra 
Low IgG fetal calf serum (GIBCO) and then cultured using 15 
a 10 cm culture dish in a CO^ incubator. After culturing for 
72 hours, a culture supernatant was collected and centri- 
fuged to remove cell debris and was provided as a sample for 
the ELISA assay. 

In this procedure, the purification of the chimeric anti- 20 
bodies from the culture supernatant of COS-7 cells was 
conducted using AfSGel Protein A MAPSH Kit (Bio Rad) in 
accordance with an instruction included in kit. 
(5) ELISA Assay 

(i) Determination of Antibody Concentration 25 

An ELISA plate for determining antibody concentration 
was prepared as follows. Each of the wells of a 96-well plate 
for ELISA (Maxisorp, NUNC) was coated with 100 /ul of a 
solution comprising goat anti-human IgG antibody (TAGO) 
prepared in a coating buffer (0.1 M NaHC03, 0.02% NaNj) 30 
of a concentration of 1 /ig/ml and then blocked with 200 fil 
of a dilution buffer (50 mM Tris-HCl, 1 mM MgQz, 0.1 M 
NaCl, 0.05% Tween20, 0.02% NaNj, 1% bovine serum 
albumin (BSA); pH 7.2). Into each well was added, a culture 
supernatant of the COS-7 cells in which the chimeric 35 
antibodies had been expressed or the purified chimeric 
antibodies at stepwise dilution. After incubating at room 
temperature for 1 hour and washing with PBS-Tween20, 
each well was added with 100 /ul a solution of alkaline 
phosphatase-conjugated goat anti-human IgG antibodies 40 
(TAGO). After incubating at room temperature for 1 hour 
and washing with PBS-Tween20, each well was added with 
1 mg/ml of a substrate solution ("Sigmal04", 
p-nitrophenylphosphoric acid, SIGMA). The solution was 
measured for absorbance at 405 nm using Microplate Reader 45 
(Bio Rad). As a standard for this determination, Hu IgGR 
Purified (The Binding Site) was used. 

(ii) Determination of antigen binding ability An ELISA 
plate for the determination of antigen binding ability was 
prepared as follows. Each of the weUs of a 96-weU plate for so 
ELISA was coated with 100 fil of a solution comprising 
human PTHrP (1-34) (Peptide Research Institute) prepared 
in a coating buffer of a concentration of 1 /ig/ml and then 
blocked with 200 /^l of a dilution buffer. Into each well was 
added, the culture supernatant of the COS-7 cells in which 55 
the chimeric antibodies had been expressed or the purified 
chimeric antibodies at stepwise dilution. After incubating at 
room temperature and washing with PBS-Tween20, each 
well was added with 100 fil of a solution of alkaline 
phosphatase-conjugated goat anti-human IgG antibodies 60 
(TAGO). After incubating at room temperature and washing 
with PBS-Tween20, each well was added with 1 mg/ml of 
a substrate solution ("Sigmal04", p-nitrophenylphosphoric 
acid, SIGMA). The solution was measured for absorbance at 
405 nm using Microplate Reader (Bio Rad). 65 

As a result, it was found that the chimeric antibody had a 
binding abiUty against human PTHrP (1-34) and also had a 
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correct structure of the cloned mouse antibody V region 
(FIG. 4). It was also found that there was no difference in the 
binding ability against PTHrP (1-34) between the chimeric 
antibody in which the L chain C region has X chain and those 
in which the L chain C region has k chain. Therefore, the L 
chain C region of the humanized antibody was constructed 
using the humanized antibody L chain K chain. 
(6) Establishment of CHO Stable Transformed Cell Line 

For establishing a stable transformant for the chimeric 
antibody, the above-mentioned expression plasmid was 
introduced into a CHO cell (DXBll). 

Establishment of a stable transformant for the chimeric 
antibody was conducted using combinations of expression 
plasmids for CHO cell, MBClHcDNA/pCHOl and MBCIL 
(X)/neo or expression plasmids for CHO cell, 
MBClHcDNA/pCHOl and MBCIL (K)/neo. These combi- 
nations of plasmids were individually co-transfected into 
CHO cells by electroporation using Gene Pulser (Bio Rad). 
Each of the expression vectors was cleaved with restriction 
enzyme Pvul to obtain a lenear DNA. The resultant DNA 
was collected by extraction with phenol and chloroform and 
subsequent precipitation with ethanol. The plasmid DNAs 
thus prepared were respectively subjected to electroporation. 
Ten fig of each of the plasmid DNAs was added to 0.8 ml of 
a cell suspension containing CHO cells in PBS(-) in a 
concentration of xlO' cells/ml. The resultant mixture was 
applied with pulses at an electrostatic capacity of 1,500V 
and 25 fiF. After 10 min. of recovery period at room 
temperature, the electroporated cells were suspended in a 
MEM-a medium (GIBCO) supplemented with 10% fetal 
calf serum (GIBCO). The resultant suspension was cultured 
using three 96-well plates (Falcon) in a CO2 incubator. On 
the day after starting the cultivation, the medium was 
replaced by a selective medium [a MEM-n medium supple- 
mented with 10% fetal calf serum (GIHCX)) and .SOO mg/ml 
of GENETlClN(G418Sulfate; GIBCX)) without rilionucleo- 
side or deoxyribonucleosidc]. From the cuhurc medium, 
cells into which the antibody gciic was introduced were 
selected. After replacing the selective medium by a fresh 
one, before and after two weeks of cultivation, the cells were 
observed imder a microscope. When a cell growth was 
observed, the cells were determined for the amount of 
antibodies produced by the above-mentioned ELISA assay. 
Among the cells, those which produced a larger amount of 
antibodies were selectively collected. 

The scale up of the culture of the stable transformant for 
the established antibodies was conducted in a roller bottle 
using a MEM medium supplemented with 2%' Ultra Low 
IgG fetal calf serum without ribonucleoside or deoxyribo- 
nucleoside. On day 3 and day 4 of the cultivation, the culture 
supematant was collected and then filtered using a filter 
having a pore size of 0.2 pan (Milhpore) to remove cell 
debris therefrom. 

Subsequently, the purification of the chimeric antibodies 
from the culture supernatant of the CHO cells was con- 
ducted using POROS Protein A Column (PerSeptive 
Biosystems) on ConSep LClOO (MiUipore) in accordance 
with an instruction included within. The purified chimeric 
antibodies were provided as samples for the determination 
of neutralizing activity and for the examination of eflScacy 
on hypercalcemic model animals. The concentration and the 
binding activity of the purified chimeric antibodies against 
antigen were determined by the same ELISA system. 
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EXAMPLE 3 
Construction of Humanized Antibody 
(1) Construction of Humanized Antibody H ChaiB 

(i) Construction of Humanized H Chain V Region 
Humanized #23-57-137-1 antibody H chain was prepared 5 

by CDR-grafting technique by means of PGR method. For 
preparing a humanized #23-57-137-1 antibody H chain 
(version "a") having a PR derived from human antibody 
S31679 (NMRF-PDB; Cuisinier, A. M. et al., Eur. J. 
Immunol., 23, 110-118, 1993), the following six types of lo 
PCR primers were used: CDR-grafting primers: 
MBCIHGPI (SEQ ID NO: 23) and MBC1HGP3 (SEQ ID 
NO: 24) (both containing a sense DNA sequence) and 
MBC1HGP2 (SEQ ID NO: 25) and MBC1HGP4 (SEQ ID 
NO: 26) (both containing an antisense DNA sequence), all 15 
of which containing a complementary sequence of 15-21 bp 
in length on both ends thereof; and external primers: 
MBCIHVSI (SEQ ID NO: 27) and MBCIHVRI (SEQ ID 
NO: 28), both having a homology with the CDR-grafting 
primers MBCIHGPI and MBC1HGP4, respectively. 20 

The CDR-grafting primers MBCIHGPI, MBC1HGP2, 
MBC1HGP3 and MBC1HGP4 were isolated using an urea- 
denatured polyacrylamide gel (Molecular Cloning: A Labo- 
ratory Manual, Sambrook, et al.. Cold Spring Harbor Labo- 
ratory Press, 1989) and extracted from the gel fraction by a 25 
crush-and-soak method (Molecular Cloning: A Laboratory 
Manual, Sambrook, et al.. Cold Spring Harbor Laboratory 
Press, 1989) in the following manner. 

One nmole of each of the CDR-grafting primers was 
isolated with 6% denatured polyacrylamide gel to obtain 30 
DNA fragments. From the resultant DNA fragments, those 
having a desired length was identified on a silica gel thin 
plate by irradiation of UV ray and then collected therefrom 
by a crush-and-soak method. The resultant was dissolved in 
20 /ul of a solution comprising 10 mM Tris-HCl (pH 7.4) and 35 
1 mM EDTA. The PCR reaction was conducted using 
TaKaRa Ex Taq (Takara Shuzo). The reaction solution (100 
fil) used in the PCR reaction comprised 1 ,al of each of the 
above-mentioned CDR-grafting primers MBCIHGPI, 
MBC1HGP2, MBC1HGP3 and MBC1HGP4, 0.25 mM 40 
dNTP and 2.5U of TaKaRa Ex Taq in the buffer Five cycles 
of the PCR reaction was conducted using a temperature 
cycle of 94° C. for 1 min., 55° C. for 1 min. and 72° C. for 
1 min. Into the resultant reaction mixture were added, both 
of the external primers MBCIHVSI and MBCIHVRI each 45 
in an amount of 50 pmoles. Using this reaction mixture, 
additional 30 cycles of the PCR reaction was conducted 
using the same temperature cycle. The DNA fragment thus 
amplified was isolated by agarose gel electrophoresis using 
4% Nu Sieve G I G agarose (FMC Bio. Products). 50 

An agaiose fragment containing a DNA fragment of 421 
bp in length was excised and the DNA fragment was purified 
therefrom using GENECLEANII Kit (BIOlOl) in accor- 
dance with an instruction included in the kit. The DNA 
fragment thus purified was precipitated with ethanol and 55 
then dissolved in 20 /A of a solution comprising 10 mM 
Tris-HCl (pH 7.4) and 1 mM EDTA. The PCR reaction 
mixture obtained was used for subcloning of the DNA 
fragment into plasmid pUC19 which had been prepared by 
digesting the plasmid with BamHI and Hindlll; thereafter 60 
the base sequence of the resultant plasmid was determined. 
A plasmid having a correct sequence was designated 
"hMBCHv/pUC19". 

(ii) Construction of H Chain V Region for Humanized H 
Chain cDNA 65 

For the ligation to the cDNA of hiunanized H chain C 
region Cyl, the DNA of the humanized H chain V region 
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constructed in the above step was modified by a PCR 
method. In this method, the backward primer MBC1HVS2 
used was designed so as to be hybridizable to the sequence 
coding for the 5'-end region of the leader sequence of the V 
region and to carry a Kozak consensus sequence (Kozak et 
al., J. Mol. Biol. 196, 947-950, 1987) and Hindlll- and 
EcoRI-recognition sequences. The forward primer 
MBC1HVR2 used for the modification of the DNA for the 
H chain V region was designed so as to be hybridizable to 
both the DNA sequence coding for the 3'-end region of the 
J region and the DNA sequence coding for the 5'-end region 
of the C region and to carry Apal- and Saml-recognition 
sequences. 

The PCR reaction was conducted using TaKaRa Ex Taq 
(Takara Shuzo) and a buffer was used therewith. The reac- 
tion solution used for the PCR reaction comprised 0.4 fig of 
hMBCHv/pUC19 as a DNA template, 50 pmoles of each of 
MBC1HVS2 and MBC1HVR2 as primers, 2.5U of TaKaRa 
Ex Taq and 0.25 mM dNTP in the buffer Thirty cycles of the 
PCR reaction was conducted using a temperature cycle of 
94° C. for 1 min., 55° C. for 1 min. and 72° C. for 1 min. 
The DNA fragment thus amplified by the PCR method was 
isolated by agarose gel electrophoresis using 3% Nu Sieve 
GTG agarose (FMC Bio. Products). 

A DNA fragment of 456 bp in length was excised and the 
DNA fragment was purified therefrom using GENECLEA- 
NII Kit (BIOlOl) in accordance with an instruction included 
within. The DNA fragment thus purilicd was precipitated 
with ethanol and Ihcn dissolved in 20 fil of a solution 
comprising 10 mM Tris-HCl (pll 7.4) and 1 mM EDTA. The 
PCR reaction mixture thus obtained was used for subcloning 
of the DNA fragment into plasmid pUC19which had been 
prepared by digesting the plasmid with EcoRI and Smal; 
thereafter the DNA sequence of the resultant plasmid was 
determined. The plasmid DNA thus prepared which contains 
a DNA coding for the mouse H chain V region derived from 
the hybridoma #23-57-137-1 and also contains the EcoRI- 
and Hindlll-recognition sequences and a Kozak sequence on 
the 5'-end and the Apal- and Smal-recognition sequences on 
the 3'-end was designated "hMBCl Hv/pUC19". 
(2). Construction of Expression Vector for Humanized Anti- 
body H Chain 

Plasmid RVh-PMlf-cDNA containing a cDNA sequence 
of hPMl antibody H chain was digested with Apal and 
BamHI to obtain a DNA fragment containing a base 
sequence of the H chain C region. The DNA fragment was 
introduced into plasmid hMBCl Hv/pUC19 which had been 
prepared by digesting the plasmid with Apal and BamHI. 
The plasmid thus prepared was designated 
"hMBClHcDNA/pUC19". This plasmid was a plasmid con- 
taining both a DNA coding for the humanized #23-57-137-1 
antibody H chain V region and a DNA coding for the human 
H chain C region Cyl and to have EcoRI- and Hindlll- 
recognition sequences on the 5'-end region and a BamHI- 
recognition sequence on the 3'-end region. The base 
sequence and the corresponding amino acid sequence of the 
humanized H chain version "a" contained in the plasmid 
hMBClHcDNA/pUC19 are shown in SEQ ID NO: 58 and 
SEQ ID NO: 56, respectively. 

The plasmid hMBClHcDNA/pUC19 was digested with 
EcoRI and BamHI to obtain a DNA fragment containing a 
base sequence coding for the H chain. The DNA fragment 
was introduced into expression plasmid pCOSl which had 
been prepared by digesting the plasmid with EcoRI and 
BamHI. The expression plasmid for a humanized antibody 
thus obtained was designated "hMBClIIcDNA/pCOSl". 

To prepare a plasmid for expression in a CHO cell, 
plasmid hMBCl HcDNA/pUC19 was digested with EcoRI 
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and BamHI to obtain a DNA fragment containing a DNA 
coding for the H chain. The DNA fragment was introduced 
into expression vector pCHOl which had been prepared by 
digesting the plasmid with EcoRI and BamHI. The expres- 
sion plasmid for the humanized antibody thus obtained was 
designated "hMBCl HcDNA/pCHOl". 
(3) Construction of L Chain Hybrid Variable Region 
(i) Preparation of FRl, 2/FR3, 4 Hybrid Antibody 

A DNA coding for the L chain in which the FR regions 
were recombined with those from a humanized antibody and 
a mouse (chimeric) antibody was constructed and evaluated 
the regions on their suitability for humanization. In this step, 
a hybrid antibody comprising FRl and FR2 both derived 
from a human antibody and FR3 and FR4 both derived liom 
a mouse antibody was prepared by utilizing the Aflll 
restriction site present in CDR 2. 

Ten fig of each of plasmids MBCIL {X)/aeo and hMBClL 
(X))/neo was digested in 100 //I of a reaction solution 
comprising 10 mM Tris-HCl (pH 7.5), 10 mM MgCU, 1 mM 
DTT, 50 mM NaCl, 0.01% (w/v) of BSA and 10 U of Aflll 
(Takara Shuzo) at 37° C. for 1 hour. The reaction solution 
was subjected to electrophoresis using 2% low melting 
agarose gel, and DNA fragments of 6282 bp in length 
(referred to as "cl") and 1022 bp in length (referred to as hi) 
were collected and purified from the gel using GENECLEA- 
NII Kit (BIOlOl). 

One fig of each of the cl and hi fragments obtained was 
subjected to treatment with BAP. The DNA fragment was 
extracted with phenol and ethanol, collected by ethanol 
precipitation, dissolved in 10 //I of a solution comprising 10 
mM Tris-HCl (pH 7.4) and 1 mM EDTA. 

One fil of each of the BAP-treated cl and hi DNA 
fragments were mixed with 4 fil of the h2 and c2 DNA 
fragments, respectively, to ligate to each other (at 4° C. 
overnight). The Hgation product was introduced into a 
competent cell of E. coli, JM109, to form a transformant. 
The transformant was cultured in 2 ml of a 2xYT medium 
containing 50/ig/ml of ampicillin. From the cell fraction, the 
plasmid was purified using QIAprep Spin Plasmid Kit 
(QIAGEN). 

The plasmid DNA purified was digested in 20 fd of a 
reaction solution comprising 10 mM Tris-HCl (pH 7.5), 10 
mM MgClj, 1 mM DTT, 2U of ApaLI (Takara Shuzo), and 
8U of BamHI (Takara Shuzo) or Hindlll (Takara Shuzo) at 
37° C. for 1 hour. In this step, the plasmid was identified 
based on the expectation that if the cl-h2 fragment was 
correctly hgated in the plasmid, this ligation would give an 
ApaLI-digestion fragment of 5560/1246/498 bp or a BamHI/ 
Hindlll-digestion fragment of 7134/269 bp. 

ITie expression vector coding for the human FRl, 
2/mouse FR3, 4 hybrid antibody L chain was designated 
"h/mMBClL(X.)/neo". On the other hand, a clone for the 
hl-cl could not be obtained. Therefore, recombination on a 
pUC vector was conducted, followed by cloning to a HEF 
vector. Here, used as templates were plasmid hMBCl LaA/ 
pUC19, which contained a DNA coding for a humanized 
antibody L chain V region having no amino acid replace- 
ments and plasmid hMBCl LdX/pUC19, which contained a 
DNA coding for a humanized antibody L chain V region 
having an amino acid replacement at the 91-position amino 
acid in FR3 (i.e., amino acid number 87 according to the 
definition by Kabat), of tyrosine, by isoleucine. 

Ten ^1 of each of plasmids MBCIL (X)/pUC19, 
hMBClLaX/pUC19and hMBCl LdX./pUC19 was digested 
in 30 fil of a reaction solution comprising 10 mM Tris-IICl 
(pH 7.5), 10 mM MgCl2, 1 mM DTT, 50 mM NaCl, 0.01% 
(w/v) of BSA, 16U of Hindlll and 4U of Aflll at 37° C. for 
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1 hour. The reaction solution was subjected to electrophore- 
sis using 2% low melting agarose gel, and then collected and 
purified the following DNA fragments using GENECLEA- 
NII Kit (BIOlOl): a DNAfragment of 215 bp in length from 

5 plasmid MBClL(X)/pUC19 (referred to as "c2"') or a DNA 
fragment of 3218 bp in length from each of plasmids 
hMBCl LaX/pUC19 and hMBCl LdX/pUC19MBC 
(referred to as "hal" and "hdl", respectively). 

Each of the hal' and hdl' fragments was individually 
ligated to the c2' fragment and then introduced into a 
competent cell of E. coli, JM109, to form a transformant. 
The transformant was cultured in 2 ml of a 2xYT medium 
containing 50 //g/ml of ampicillin. From the cell fraction, the 
plasmid was purified using QIAprep Spin Plasmid Kit 
(QIAGEN). The resultant plasmid DNAs containing the hal' 

15 fragment and the hdl' fragment were designated "m/hMBCl 
LaX/pUC19" and "m/hMBCl LdVpUC19", respectively. 

Each of the plasmids m/hMBCl LaVpUC19 and 
m/hMBCl LdX/pUC19 was digested with EcoRI. The DNA 
fragment of 743 bp in length was electrophoresed using 2% 

20 low melting agarose gel, and then collected and purified 
from the gel using GENECLEANII Kit (BIOlOl). The 
resultant was dissolved in 20 //I of a solution comprising 101 
mM Tris-HCl (pi I 7.4) and 1 mM EDI A. 

Four , /(I ol' the DNA fragment obtained was mixed with 1 

25 fd of the above-mentioned BAP-treated HEF vector to ligate 
to each other. The ligation product was introduced into a 
competent cell of E. coli, JM109, to form a transformant. 
The transformant was cultured in 2 ml of a 2xYT medium 
supplemented with 50 fig/ml of ampicillin. From the cell 
fraction, the plasmid DNA was purified using QIAprep Spin 

^° Plasmid Kit (QIAGEN). 

The plasmid DNA purified was digested in 20 fil of a 
reaction solution comprising 20 mM Tris-HCl (pH 8.5), 10 
mM MgClj, 1 mM DTT, 100 mM KCl, 8U of Hindlll 
(Takara Shuzo) and 2U of Pvul (Takara Shuzo) at 37° C. for 

35 1 hour. In this step, the plasmid DNA was identified based 
on the expectation that if the DNA fragment was inserted in 
the plasmid in a correct orientation, this digestion would 
give a digestion fragment of 5104/2195 bp, whereas if the 
DNA fragment is inserted in the plasmid in the reverse 

40 orientation, this digestion would give a digestion fragment 
of 4378/2926 bp. The plasmids thus obtained were expres- 
sion vectors coding for mouse FRl, 2/human FR3, 4 hybrid 
antibody L-chai, which were designated expression vectors 
"m/hMBCl haK/neo" and "m/hMBCl LdX/neo", respec- 

45 lively. 

(ii) Preparation of FR1/FR2 Hybrid Antibody 

An FR1/FR2 hybrid antibody was prepared in the same 
manner as mentioned above using a SnaBI restriction site 
present in CDRl. 

so I'en fig of each of the plasmids MBClL(>t)/neo and 
mMBClL(X,)/neo was digested in 20 /<1 of a reaction solu- 
tion comprising 10 mM Tris-HCl (pH 7.9), 10 mM MgCl2, 
1 mM DTT, 50 mM NaCl, 0.01% (w/v) of BSA and 6 U of 
SnaBI (Takara Shuzo) at 37° C. for 1 hour. The resultant 

55 reaction solution was further digested in 50 fA of a reaction 
solution comprising 20 mM Tris-HCl (pH 8.5), 10 mM 
MgCL, 1 mM DTT, 100 mM KCl, 0.01% (w/v) of BSA and 
6U of Pvul at 37° C. for 1 hour. 

The resultant reaction solution was subjected to electro- 

60 phoresis using 1.5% low melting agarose gel, and then DNA 
fragments of 4955 bp and 2349 bp in length were collected 
and purified from the gel using GENECLEANII Kit 
(BIOlOl). The DNA fragments obtained from plasmid 
MBClL(X)/neo were designated "ml" (4955 bp) and "m2" 

65 (2349 bp) and the DNA fragments obtained from plasmid 
h/mMBClL(X)/neo were designated "hml" (4955 bp) and 
"hm2" (2349 bp). Each of the DNA fragments obtained was 
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dissolved in 40 fil of a solution comprising 10 mM Tris-HCl 
(pH 7.4) and 1 mM EDTA. 

One fil of each of the ml and hml fragments was ligated 
to 4 fil of each of the hm2 and m2 fragments, respectively, 
and then introduced into a competent cell ofE. coli, JM109, 5 
to form a transformant. The transformant obtained was 
cultured in 2 ml of a 2xYT medium containing 50 fA%lml of 
ampicillin. From the cell fraction, the plasmid DNA was 
purified using QIAprep Spin Plasmid Kit QIAGEN). 

The plasmid DNA purified was digested in 20 fil of a lO 
reaction solution comprising 10 mM Tris-HCl (pH 7.5), 10 
mM MgCl2i 1 mM DTT and either 8U of Apal (Takara 
Shuzo) or 2U of Apall (Takara Shuzo) at 37° C. for 1 hour. 

The plasmids (ml-hm2 and hml-m2) thus prepared were 
identified based on the expectation that if each of the DNA 15 
fragments is ligated in the plasmid in a correct orientation, 
the digestion of the plasmid (m l-hm2) with Apal and ApaLl 
would give a fragment of 7304 bp and fragments of 5560 
1246/498 bp, respectively, and the digestion of the plasmid 
(hml-m2) with Apal and ApaLI would give fragments of 2u 
6538/766 bp and a fragment of 3535/2025/1246/498 bp, 
respectively. 

As expression vector coding for a human FRl/mouse 
FR2, 3, 4 hybrid antibody L chain was designated 
"hmmMBClL(X)/neo" and a expression vector cording for 25 
a mouse FRl/liuman FR2/mouse FR3, 4 hybrid antibody L 
chain was designated "mhmMBClL(X)/neo". 
(4) Construction of Humanized Antibody L Chain 

A humanized #23-57-137-1 antibody L chain was pre- 
pared by CDR-grafting technique by means of PCR method. 30 
That is, a humanized #23-57-137-1 antibody L chain 
(version "a") was prepared which contained FRl, FR2 and 
FR3 drived from human antibody HSU03868 (GEN-BANK, 
Deftos M. et al., Scand. J. Immunol., 39, 95-103, 1994) and 
FR4 drived from human antibody S25755 (NBRF-PDB) 35 
using the six types of PCR primers: 

CDR-grafting primers, MBCILGPI (SEQ ID NO: 29) 
and MBC1LGP3 (SEQ ID NO: 30), both having a sense 
DNA sequence, CDR-grafting primers, MBC1LGP2 (SEQ 
ID NO: 31) and MBC1LGP4 (SEQ ID NO: 32), both having 40 
an antisense DNA sequence, all of which CDR-grafting 
primers having a complementary sequence of 15-21 bp on 
the both ends thereof; and external primers, MBCILVSI 
(SEQ ID NO: 33) and MBCILVRI (SEQ ID NO: 34), both 
having a homology with the CDR-grafting primers 45 
MBCILGPI and MBC1LGP4, respectively. 

The CDR-grafting primers MBCILGPI, MBC1LGP2, 
MBC1LGP3 and MBC1LGP4 were isolated using a urea- 
denatured polyacrylamide gel (Molecular Cloning: A Labo- 
ratory Manual, Sambrook et al.. Cold Spring Harbor Labo- 50 
ratory Press, 1989) and extracted from the gel fraction by a 
cmsh-and-soak method (Molecular Cloning: A Laboratory 
Manual, Sambrook et al., Cold Spring Harbor Laboratory 
Press, 1989). 

One nmole of each of the CDR-grafting primers was 55 
isolated with 6% denatured polyacrylamide gel. From the 
resultant, a DNA fragment having a desired length was 
identified on a silica gel thin plate by irradiation of UV ray 
and then collected therefrom by a crush-and-soak method. 
The resultant was dissolved in 20 fA of a solution comprising 60 
10 mM Tris-HCl (pH 7.4) and 1 mM EDTA. 

The PCR reaction was conducted using TaKaRa Ex Taq 
(Takara Shuzo) with a buffer. The reaction solution (100 fA) 
used in the PCR reaction comprised 1 fil of each of the 
CDR-grafting primers MBCILGPI, MBC1LGP2, 65 
MBC1LGP3 and MBC1LGP4, 0.25 mM dNTP, 2.5 U of 
TaKaRa Ex Taq in the buffer. Five cycles of the PCR 



reaction was conducted using a temperature cycle of 94° C. 
for 1 min., 55° C. for 1 min. and 72° C. for 1 min. Into the 
resultant reaction mixture were added 50 pmoles of each of 
the external primers MBCILVSI and MBCILVRI. Using 
this reaction mixture, additional thirty cycles of the PCR 
reaction was conducted using the same temperature cycle. 
The DNA fragment thus amplified was isolated by agarose 
gel electrophoresis using 3% Nu Sieve GTG agarose (FMC 
Bio. Products). 

An agarose fragment containing a DNA fragment of 421 
bp in length was excised and the DNA fragment was purified 
from the gel using GENECLEANII Kit (BIOlOl) in accor- 
dance with the instruction included with the kit. The PCR 
reaction mixture thus prepared was used for subcloning of 
the DNA fragment into plasmid pUC19 which had been 
prepared by digesting the plasmid with BamHI and Hindlll. 
The resultant plasmid was determined of its DNA sequence. 
The plasmid thus prepared was designated "hMBCL/ 
pUC19". In this plasmid, however, it was found that the 
lU4-position amino acid (amino acid number 96 according 
to the determining by Kabat) of CDR4 was replaced with 
arginine. To correct this amino acid to tyrosine, primer 
MBCILGPIOR (SEQ ID NO: 35) was designed and syn- 
thesized. Then the PCR reaction was conducted using 
TaKaRa Ex Taq (Takara Shuzo) with a buffer. The reaction 
solution (100 fil) used in the PCR reaction comprised 0.6 ^ 
of the plasmid hMBCL/pUC19 as a template DNA, 50 
pmoles of each of the primers MBCILVSI and 
MBCILGPIOR, 2.5U of TaKaRa Ex Taq (Takara Shuzo) 
and 0.25 mM dNTP in the buffer, over which mineral oil was 
layered. Thirty cycles of the PCR reaction was conducted 
using a temperature cycle of 94° C. for 1 min., 55° C. for 1 
min. and 72° C. for 1 min. The DNA fragment thus amplified 
by PCR method was isolated by agarose gel electrophoresis 
using 3% Nu Sieve GTG agarose (FMC Bio. Products). 

A DNA fragment of 421 bp in length was excised and the 
DNA fragment was purified therefrom using GENECLEA- 
NII Kit (BIOlOl) in accordance with an instruction included 
with the kit. The PCR reaction mixture thus prepared was 
used for subcloning of the DNA fragment into plasmid 
pUC19 which had been prepared by digesting the plasmid 
with BamHI and Hindlll. 

The plasmid was determined of its DNA sequence using 
M13 Primer M4 and M13 Primer RV. As a result, it was 
confirmed that the plasmid had a correct sequence. The 
plasmid was then digested with Hindlll and Blnl and a DNA 
fragment of 416 bp was isolated there from by electrophores 
is using 1% agarose gel. The DNA fragment was purified 
using GENECLEANII Kit (BIOlOl) in accordance with an 
instruction included with the kit and then introduced into 
plasmid CX/pUC which had been prepared by digesting the 
plasmid with Hindlll and Blnl. TTie resultant plasmid was 
designated "hMBCl LaX/pUC19". This plasmid was 
digested with EcoRI to obtain a DNA fragment coding for 
humanized L chain. The DNA fragment was introduced into 
plasmid pCOSl so that the initiation codon for the human- 
ized L chain was located downstream from the EFla pro- 
moter. The plasmid thus obtained was designated "hMBCl 
LaX/pCOSl". The DNA sequence (including the corre- 
sponding amino acid sequence) of the humanized L chain 
version "a" is shown in SEQ ID NO: 66. The amino acid 
sequence of the version "a" is shown in SEQ ID NO: 47. 

Version "b" was prepared using mutagenic introduction 
technique by a PCR method. The version "b" was designed 
so as to replace the 43-position amino acid, glycine, (amino 
acid number 43 according to the definition by Kabat) with 
proHne and to replace the 49-position amino acid, lysine. 
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(amino acid number 49 according to the definition by Kabat) 
with aspartic acid. The PCR reaction was conducted using 
plasmid hMBCl LaX./pUC19 as a template with a mutagenic 
primer MBC1LGP5R (SEQ ID NO: 36) and primer 
MBCILVSI. The DNA fragment obtained was digested 5 
with BamHI and Hindlll, and the digestion fragment was 
subcloned into the BamHI-Hindlll site of pUC19. After 
sequencing, the plasmid DNA obtained was digested with 
Hindlll and Aflll, and the resultant digestion fragment was 
hgated to plasmid hMBCl LaVpUC19 which had been lo 
prepared by digesting the plasmid with Hindlll and Aflll. 

The plasmid thus obtained was designated "hMBCl LbX/ 
pUC19". This plasmid DNA was digested with EcoRl to 
obtain a DNA fragment containing a DNA coding for the 
humanized L chain. The DNA fragment was introduced into is 
plasmid pCOSl so that the initiation codon for the human- 
ized L chain was located downstream from the EFla pro- 
moter. The plasmid thus obtained was designated 
"hMBClLbVpCOSl". 

Version "c" was prepared using mutagenic introduction 20 
technique by a PCR method. The version "c" was designed 
so as to replace the 84-position amino acid, serine, (amino 
acid number 80 according to the definition by Kabat) with 
proline. The PCR reaction was conducted using plasmid 
hMBCl LaX/pUC19 as a template with a mutagenic primer 25 
MBC1LGP6S (SEQ ID NO: 37) and primer M13 Primer RV. 
The DNA fragment obtained was digested with BamHI and 
Hindlll and then subcloned into pUC19 which had been 
prepared by digesting the plasmid with BamHI and Hindlll. 
Alter sequencing, the plasmid DNA obtained was digested 30 
with BstPl and AorSlHI, and the resultant DNA fragment 
was ligated to plasmid hMBClLaX/pUC19 which had been 
prepared by digesting the plasmid with BstPI and AorSlHI. 
The plasmid thus obtained was designated "hMBCl LcX/ 
pUC19". This plasmid DNA was digested with EcoRI to 35 
obtain a sequence containing a sequence coding for the 
humanized L chain. The sequence was introduced into the 
EcoRI site of plasmid pCOSl so that the initiation codon for 
the humanized L chain was located downstream from the 
EFla promoter. The plasmid thus obtained was designated 40 
"hMBCl LcX/pCOSl". 

Versions "d", "e" and "f" were also prepared using 
mutagenic introduction technique by a PCR method. Each of 
the versions "d", "e" and "f was designed so as to replace 
the 91 -position amino acid, tyrosine, (amino acid number 87 45 
according to the definition by Kabat) with isoleucine in the 
versions "a", "b" and "c", respectively. For each of the 
versions "d", "e" and "f , a PCR reaction was conducted 
using each of plasmid hMBCl LaX/pCOSl (for version 
"d"), hMBClLb VpCOSl (for version "e") and hMBCl so 
LcX/pCOSl (for version "f ') as a template with a mutagenic 
primer MBCILGPIIR (SEQ ID NO: 38) and primer M-Sl 
(SEQ ID NO: 44). The DNA fragment thus obtained was 
digested with BamHI and Hindlll and then subcloned into 
pUC19 which had been prepared by digesting pUC19 with 55 
BamHI and Hindlll. After sequencing, the plasmid was 
digested with Hindlll and Blnl, and the resultant digestion 
fragment was ligated to plasmid C/,/pUC19 which had been 
prepared by digesting the plasmid with Hindlll and Blnl. 

The plasmids thus obtained were respectively designated 60 
"hMBCl LdX/pUC19", "hMBCl LeX/pUC19" and 
"hMBCl La/pUC19". Each of these plasmids was digested 
with EcoRI to obtain a DNA fragment containing a DNA 
coding for the humanized L chain. The DNA fragment was 
introduced into the EcoRI site of plasmid pCOSl so that the 65 
initiation codon for the humanized L chain was located 
downstream from the EFla promoter of the plasmid. The 
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plasmids thus obtained were respectively designated 
"hMBCl LdX/pCOSl", "hMBCleX/pCOSl" and "hMBCl 
La/pCOSl". 

Versions "g" and "h" were also prepared using mutagenic 
introduction technique by a PCR method. Each of the 
versions "g" and "h" was designed so as to replace the 
36-position amino acid, histidine, (amino acid number 36 
according to the definition by Kabat) with tyrosine in the 
versions "a" and "d", respectively. The PCR reaction was 
conducted with mutagenic primer MBClL(iP9R (SEQ ID 
NO: 39) and M13 Primer RV using plasmid hMBCl LaV 
pUCI9 as a template. The PCR product was subjected to an 
additional PCR reaction using M13 Primer M4 as a primer 
and plasmid hMBCl LaVpUC19as a template. The DNA 
fragment obtained was digested with Hindlll and Blnl and 
then subcloned into plasmid CX/pUC19 which had been 
prepared by digesting the plasmid with Hindlll and Blnl. 
Using this plasmid as a template, a PCR reaction was 
conducted using primers MBC1LGP13R (SEQ ID NO: 40) 
and MBCILVSI. The PCR fragment obtained was digested 
with Apal and Hindlll and then introduced into each of 
plasmids hMBCl LaX/pUC19 and hMBCl LdX/pUC19 
which had been prepared by digesting both plasmids with 
Apal and Hindlll. The plasmids obtained were determined 
of their DNA sequences. Plasmids which were confirmed to 
contain a correct sequence were designated "hMBCl LgX/ 
pUC19" and "hMBCl LhX/pUC19", respectively. Each of 
these plasmids was digested with EcoRI to obtain a 
sequence containing a sequence coding for the humanized L 
chain. The sequence was introduced into the EcoRI site of 
plasmid pCOSl so that the initiation codon for the human- 
ized L chain was located downstream from the EFla pro- 
moter. The plasmids thus obtained were respectively desig- 
nated "hMBClL^/pCOSl" and "hMBCl LhX/pCOSl". 

Versions "i", "j", "k", "1" "m", "n" and "o" were also 
prepared using mutagenic introduction technique by a PCR 
method. The PCR reaction was conducted using a mutagenic 
primer MBC1LGP14S (SEQ ID NO: 41) and primer VIRV 
(K) (SEQ ID NO: 43) using plasmid hMBCl LaX/pUC19 as 
a template. The resultant DNA fragment was digested with 
Apal and Blnl and then subcloned into plasmid hMBCl 
Lg?i./pUC19 which had been prepared by digesting the 
plasmid with Apal and Blnl. The plasmid obtained was 
determined of its base sequence, and the clone into which 
the mutation corresponding to each of the versions was 
introduced, was selected. The plasmid thus obtained was 
designated "hMBCl LxX/pUC19 (x=i, j, k, 1, m, n or o)". 
This plasmid was digested with EcoRI to obtain a sequence 
containing a sequence coding for the humanized L chain. 
ITie sequence was introduced into the HcoRl site of plasmid 
pCOSl so that the initiation codon for the humanized L 
chain was located downstream from the EFla promoter. The 
plasmid thus obtained was designated "hMBCl LxV 
pCOSl" (x=i, j, k, 1, m, n or o). The DNA sequences 
(including the corresponding amino acid sequences) of the 
versions "j", "1", "m" and "o" are shown in SEQ ID NOs: 67, 
68, 69 and 70, respectively. The amino acid sequences of 
these versions are shown in SEQ ID Nos: 48, 49, 50 and 51, 
respectively. 

Versions "p", "q", "r", "s" and "t" are modified form of 
the versions "i", "j", "m", "1" and "o", respectively, in which 
the 87-position amino acid, tyrosine, is replaced with iso- 
leucine. These versions were prepared by using the AorSlMI 
restriction site of FR3 for replacement of the version "h" 
with the version "i", "j", "m", "1" or "o" in the following 
manner. From expression plasmid hMBCl LxX/pCOSl 
(x=i, j, m, 1 or o), an AorSlHI restriction fragment (514 bp) 
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containing CDR3, a portion of FR3 and entire FR4 were 
deleted. To the deleted portion of the expression plasmid 
was ligated an AorSlHI restriction fragment (514 bp) con- 
taining CDR3 and a portion of FR3 and entire FR4 so that 
the 91-position amino acid, tyrosine, (the amino acid num- 5 
ber 87 according to the definition by Kabat) is replaced with 
isoleucine. The resultant plasmids were determined of their 
DNA sequence and the clone of each of the versions "i", "j", 
"m", "1" and "o" in which 91-position amino acid, tyrosine, 
(the amino acid number 87 according to the definition by 
Kabat) was replaced with isoleucine was selected. The 
versions corresponding to the versions "i", "j", "m", "1" and 
"o" were designated versions "p", "q", "s", "r", and "t", 
respectively, and the plasmids for these versions were des- 
ignated "hMBCl LxX/pCOSl (x=p, q, s, r or t). The DNA 
sequences (including the corresponding amino acids) of the 
versions "q", "r", "s" and "t" are shown in SEQ ID Nos: 71, 
72, 73 and 74, respectively. The amino acid sequences of 
these versions are shown in SEQ ID Nos: 52, 53, 54 and 55, 
respectively. 

Plasmid hMBCl Lq)./pCOSl was digested with Hindlll 20 
and EcoRI and then subcloned into plasmid pUC19 by 
digesting the plasmid with Hindlll and EcoRI. The plasmid 
thus obtained was designated "hMBCl LqVpUC19. 

The position of the replaced amino acids in each version 
of the humanized L chain is shown in Table 3 below. 2s 

TABLES 

Position of replaced ar 



In Table 3 above, capital letters represent the following so 
amino acids: Y: tyrosine; P: proHne; K: lysine, V: vaHne; D: 
aspartic acid; and I: isoleucine. 

E. coli strain containing plasmid hMBClHcDNA/pUC19 

and E. coli strain containing plasmid hMBCl LqVpUC19 
were designated "Escherichia coli JM109 (hMBCl 55 
HcDNA/pUC19)" and ''Escherichia coli JM109 (hMBCl 
LqVpUC19) respectively, which have been deposited under 
the terms of Budapest Treaty at the National Institute of 
Bioscience and Human-Technology, Agency of Industrial 
Science and Technology, Japan, (1-3, Higashi 1-chome, 60 
Tsukuba-shi, Ibaragi-ken, Japan) on Aug. 15, 1996 under the 
accession No. PERM BP-5629 tor Escherichia coli JM109 
(hMBCl HcDNA/pUC19) and PERM BP-5630 toi Escheri- 
chia coli JM109 (hMBCl LqVpUC19). 
(5) Transfection into COS-7 Cell 65 

Por determining the antigen-binding activity and the 
neutralizing activity of the hybrid antibody and the human- 



ized #23-57-137-1 antibody, the above-mentioned expres- 
sion plasmids were expressed transiently in COS-7 cells. For 
the transient expression of the L chain hybrid antibody, each 
of the following combinations of plasmids was 
co-transfected into a COS-7 cell by electroporation using 
Gene Pulser (Bio Rad): hMBCl HcDNA/pCOSl and 
h/mMBClL(?t)/neo; hMBCl HcDNA/pCOSI and 
m/hMBCl LaX/neo; hMBCl HcDNA/pCOSI and 
m/hMBCl LdX/neo; hMBCl HcDNA/pCOSI and 
hmmMBClL(X)/neo; and hMBCl HcDNA/pCOSI and 
mhmMBClL(X)/neo. That is, into 0.8 ml of a cell suspen- 
sion in which COS-7 cells were suspended in PBS(-) in a 
concentration of 1x10^ cells/ml, 10 fig of each of the 
plasmid DNAs was added. The resultant solution was 
applied with pulses at an electrostatic capacity of 1,500V 
and 25 pF. After 10 min. of recovery period at room 
temperature, the cells treated by electroporation were sus- 
pended in a DMEM medium supplemented with 2% Ultra 
Low IgG fetal calf serum (GIBCO) and then cultured using 
a 10 cm culture dish in a CO2 incubator. After culturing for 
72 hours, a culture supernatant was collected and centri- 
fuged to remove cell debris. The resultant was provided as 
a sample for the EUSA assay. 

For the transient expression of the humanized #23-57- 
137-1 antibody, the plasmid combination of either hMBCl 
HcDNA/pCOSI or hMBCl LxX/pCOSl (x=a-t) was trans- 
fected into a COS-7 cell using Gene Pulser (Bio Rad) in the 
same manner as described for the hybrid antibody above. 
The culture supernatant obtained was provided as a sample 
for the EUSA assay. 

Here, the purification of the hybrid antibody or the 
humanized antibody from the culture supernatant of COS-7 
cell was conducted using AffiGel Protein A MAPSII Kit (Bio 
Rad) in accordance with an instruction included in the kit. 
(6) ELISAAssay 

(i) Determination of Antibody Concentration 

An ELISA plate for determining antibody concentration 
was prepared as follows. Each of the wells of a 96-well plate 
for ELISA (Maxisorp, NUNC) was coated with 100 fil of a 
coating bufi'er (0.1 M NaHCOj, 0.02% NaN3) supplemented 
with 1 ftg/m\ of goat anti-human IgG antibody (TAGO) and 
then blocked with 200 ^1 of a dilution buffer [50 mM 
Tris-HCl, 1 mM MgCl2, 0.1 M NaCl, 0.05% Tween20, 
0.02% NaNji 1% bovine serum albumin (BSA); pH 7.2]. 
Into each of the wells was added a culture supernatant of the 
COS cells in which the hybrid antibody or the humanized 
antibody was expressed or a soliilion of (lie purified hybrid 
antibody or humanized anliliddy in stepwise dilution. After 
incubating at room temperature for 1 hour and washing with 
PBS-'lween20, 100 fil of alkaline phosphatase-conjugated 
goat anti-human IgG antibody (TAGO) was added to each of 
the wells. After incubating at room temperature for 1 hour 
and washing with PBS-Tween20, 1 mg/ml of a substrate 
solution ("Sigmal04", p-nitrophenylphosphoric acid, 
SIGMA) was added to each of the wells. The solution was 
measured for absorbance at 405 nm using Microplate Reader 
(Bio Rad). As the standard for this determination of antibody 
concentration, Hu IgGlX Purified (The Binding Site) was 

(ii) Determination of Antigen Binding Ability 

An ELISA plate for determining antigen binding ability 
was prepared as follows. Each of the wells of a 96-welI plate 
for EUSA (Maxisorp, NUNC) was coated with 100 fil of a 
coating buffer supplemented with 1 fig/ml of human PTHrP 
(1-34) and then blocked with 200 fil of a dilution buffer. 
Thereafter, into each of the weUs, was added a culture 
supematant of the COS-7 cells in which the hybrid antibody 
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or humanized antibody was expressed or a solution of the 
purified hybrid antibody or the purified humanized antibody 
in stepwise dilution. After incubating at room temperature 
and washing with PBS-Tween20, 100 /A of alkaline 
phosphatase-conjugated goat anti-human IgG antibody 
(TAGO) was added to each of the weUs. After incubating at 
room temperature and washing with PBS-Tween20, 1 mg/ml 
of a substrate solution ("Sigma 104", 
p-nitropheiiylphosphoric acid, SIGMA) was added to each 
of the wells. The solution was measured for absorbance at 
405 nm using Microplate Reader (Bio Rad). 

(7) Confirmation of Activities 

(i) Evaluation of Humanized H Chain 

It was found that an antibody comprising the humanized 
H chain version "a" and the chimeric L chain exhibited the 
same level of PTHrP-binding activity as that of the chimeric 
antibody (see FIG. 5). This result suggests that the human- 
ization of the H chain V region is satisfactorily achieved by 
the version "a". Therefore, the humanized H chain version 
"a" was provided as a humanized antibody H chain in the 
following experiments. 

(ii) Activity of Hybrid Antibody 
(ii-a) FRl, 2/FR3, 4 Hybrid Antibody 

When the L chain was h/mMBClLd(X), the antibody 
showed no antigen binding activity. However, when the L 
chain of the hybrid antibody was either m/hMBCl La), or 
m/hMBCl LdX, the antibody showed the same level of 
antigen binding activity as that of the chimeric #23-57-137-1 
antibody (FIG. 6). These results suggest that FR3 and FR4 
are suitable for a humanized antibody but there exist amino 
acid residue(s) that need to be replaced in FRl and FR2. 
(ii-b) FR1/FR2 Hybrid Antibody 

When the L chain of the hybrid antibody was 
mhmMBClL (k), the antibody showed no antigen binding 
activity. However, when the L chain of the hybrid antibody 
was hmmMBClL(X), the antibody showed the same level of 
antigen binding activity as that of the chimeric #23-57-137-1 
antibody (FIG. 7). These results suggest that FRl is suitable 
for a humanized antibody but there exist amino acid residue 
(s) that need to be replaced in FR2. 

(iii) Activity of Humanized Antibody 

The humanized antibody in which each of the versions 
"a" to "t" was used as the L chain was determined of its 
antigen-binding activity. As a result, it was found that the 
humanized antibodies having the L chain versions "j", "1" 
"m", "o", "q", "r", "s" and "t" exhibited the same level of 
PTHrP-binding activity as that of the chimeric antibody 
(FIGS. 8 to 11). 

(8) Establishment of CHO Stable Production Cell Line 
For establishing a stable transformant for humanized 

antibody, the above-mentioned expression plasmids were 
introduced into a CHO cell (DXBll). 

The establishment of a stable transformant of the human- 
ized antibody was conducted using each of the following 
combinations of plasmid as an expression vector for CHO 
cells; hMBClHcDNA/pCOl and hMBCl Lm/./pCOSl; 
hMBCl HcDNA/pCHOl and hMBCl Lq/./pCOSl; and 
hMBCl HcDNA/pCHOl and hMBCl Lr/./pCOSl. The 
plasmids were co-transfected into a CHO cell by electropo- 
ration using Gene Pulser (Bio Rad). Subsequently, each of 
the expression vectors was cleaved with restriction enzyme 
Pvul to obtain a lenear DNA. The resuhant DNA was 
extracted with phenol and chloroform and then precipitated 
with ethanol. The DNAs thus prepared were respectively 
subjected to electroporation as follows. That is, 10 fig of 
each of the plasmid DNAs was added to 0.8 ml of a cell 
suspension containing CHO cells in PBS(-) in a concentra- 
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tion of 1x10^ cells/ml. The resultant mixture was applied 
with pulses at an electrostatic capacity of 1,500V and 25 fiF. 
After 10 min. of recovery period at room temperature, the 
cells thus treated were suspended in a MEM-a medium 

5 (GIBCO) supplemented with 10% fetal calf serum (GIBCO) 
and then cultured in a COj incubator using 96-well plates 
(Falcon). On the day after starting the cultivation, the 
medium was replaced by a MEM-a selective medium 
supplemented with 10% fetal calf serum (GIBCO) and 500 

10 mg/ml of GENETICIN (G418Sulfate; GIBCO) but contain- 
ing no ribonucleoside or deoxyribonucleoside. From the 
culture medium, cells into which the antibody gene was 
introduced were selected. After replacing the culture 
medium by a fresh one, before and after two weeks of 

IS cultivation, the cells were observed microscopically. When 
a satisfactory cell growth was observed, the cells were 
determined for the amount of antibodies produced by an 
ELISA assay conventionally used for determining antibody 
concentration as described above. Among the cells, those 

20 which produced a larger amount of antibodies were selec- 
tively collected. 

The scale up of the culture of the stable transformant for 
the antibodies thus established was conducted in a roller 
bottle using a MEM-a medium supplemented with 2% Ultra 

25 Low IgG fetal calf serum without ribonucleoside or deox- 
yribonucleoside. On each of day 3 and day 4 after the 
cultivation, the culture supcrnalanl was collected and filtered 
using a 0.2 /<m filter having (Milliporc) to remove cell debris 
therefrom. The purification of the humanized antibodies 

30 from the culture supernatant of the CHO cells was con- 
ducted using POROS Protein A Column (PerSeptive 
Biosystems) on ConSep LClOO (Millipore) in accordance 
with an instruction included. The humanized antibodies 
were provided as a sample for the determination of neutral- 

35 izing activity and examination of pharmacological eflScacy 
on hypercalcemic model animals. The concentration and the 
antigen-binding activity of the purified humanized antibod- 
ies were determined by the ELISA system as mentioned 

EXAMPLE 4 
Determination of Neutralizing activity 
The determination of neutralizing activity of the mouse 

45 antibody, the chimeric antibody and the humanized antibody 
was conducted using rat myeloma cell line ROS17/2.8-5 
cells. The ROS17/2.8-5 cells were cultured in Ham'S F-12 
medium (GIBCO) supplemented with 10% fetal calf serum 
(GIBCO) using a CO, incubator. The ROS17/2.8-5 cells 

50 were inoculated in each of the wells of a 96-well plate in a 
concentration of 10' cells/100 fil/well and cultured for 1 day. 
The culture medium was replaced with Ham'S F-12 medium 
(GIBCO) supplemented with 4 mM Hydrocortisone and 
10% fetal calf serum. After culturing for three to four days, 

55 the cultured cells were washed with 260 fil of Ham'S F-12 
medium (GIBCO), and then 80 fil of Ham's F-12 medium 
supplemented with 1 mM isobutyl-l-methylxanthine 
(IBMX, SIGMA), 10% fetal calf serum and 10 mM HEPES 
was added thereto. The resultant mixture was incubated at 

60 37° C. for 30 min. 

The mouse antibody, the chimeric antibody and the 
humanized antibody to be tested for neutralizing activity 
were previously diluted stepwise in the following groups: 
[10 ^ml, 3.3 ^ml, 1.1 fig/ml and 0.37 ^g/ml], [-10 fig/ml, 

65 2 fig/ml, 0.5 fig/ml and 0.01 ^ml] and [10 fig/ml, 5 fig/ml, 
1.25 /<g/ml, 0.63 ^g/ml and 0.31 ^ml]. Each of the dUuted 
antibody sample solution was mixed with an equivalent 
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amount of 4 ng/ml of PTHrP (1-34). Eighty fil of the 
resultant mixture solution was added into each well. The 
final concentration of each antibody became a quarter of the 
concentration of the above-mentioned antibody, and there- 
fore the concentration of PTHrP (1-34) became 1 ng/ml. Ten , 
minutes after the treatment at room temperature, the culture 
supernatant was removed and the residue was washed with 
PBS three times. From the resultant, cAMP in the cells was 
extracted with 10 fil of a 0.3% HCl-95% ethanol and then 
evaporated with a water jet aspirator to remove the HCl- 
ethanol. The residue was dissolved in 120 fil of EIA buffer 
attached to cAMP EIA Kit (CAYMAN CHEMICAL'S) to 
extract the cAMP therefrom. The CAMP level was deter- 
mined using cAMP EIA Kit (CAYMAN CHEMICAL'S) in 
accordance with an instruction included within. As a result, 
it was found that, among the humanized antibodies having 
L chain versions showing the same level of antigen-binding 
activity as that of the chimeric antibody, those having L 
chain versions "q", "r", "s" and "t" in which the 91-position 
tyrosine was replaced with isoleucine exhibited the closest 
neutralizing activity to that of the chimeric antibody, and 
especially those having a L chain version "q" exhibited the 
strongest neutralizing activity (FIGS. 12 to 14) 
EXAMPLE 5 
Examination of Pharmacological EflScacy on 
Hypercalcemic Model Animals (1) 

Using a hypercalcemic model animal (a human tumor 
transplanted nude mouse), a chimeric antibody and human- 
ized antibodies individually having L chain versions "m", jq 
"r" and "q" against PTHrP were examined for their thera- 
peutic efficacy on hypercalcemia. 

As a hypercalcemic model animal, was used a nude 
mouse which had been transplanted with human pancreatic 
cancer PAN-7 [purchased from the Central Institute for 35 
Experimental Animals]. It has been known that a nude 
mouse which has been transplanted with human pancreatic 
cancer PAN-7 exhibits an increased calcium concentration 
in blood as increasing the tumor volume and develops 
hypercalcemia which is associated with, for example, 40 
decrease in body weight and spontaneous activity. In this 
example, therapeutical effect of the chimeric antibody and 
the humanized antibody of the invention on hypercalcemia 
induced by the human pancreatic cancer PAN-7 was exam- 
ined by the measurement of body weight and calcium 45 
concentration in blood of the test animal. 

The passage of the human pancreatic cancer PAN-7 was 
conducted using BALB/c-nu/nu nude mice (Nippon Charles 
River) in vivo. For the evaluation of pharmacological 
efficacy, 5weeks-old male BALB/c-nu/nu nude mice 50 
(Nippon Charles River) were purchased and then acclima- 
tized them for 1 week, and the mice of 6-weeks-old thus 
prepared were used for the evaluation. The hupercalcemic 
model mice were prepared and divided into groups in the 
following manner. The human pancreatic cancer PAN-7 55 
passed was excised and then finely cut into 3 mm cube of 
blocks. The resultant tumor blocks were subcutaneously 
transplanted under the skin flap of the mice at one piece per 
mouse. Two or three weeks after the transplantation, when 
it was confirmed that the tumor volume in each of the mice ao 
became satisfactorily large, the mice were divided into 
groups so that tumor volume, calcium concentration in 
blood and body weights of the mice of the individual groups 
were averaged, and the mice were used as the hupercalcemic 
model animals. 65 

The examination of therapeutic efficacy on hypercalcemia 
was conducted as follows. A single dose of the chimeric 



antibody or the humanized antibody having a L chain 
version "m" or r against PTHrP was administered to each of 
the above-mentioned hypercalcemic model mice via tail 
vein in a dose amount of 10 or 30 fig per mouse. A single 
dose of the humanized antibody having a L chain version 
"q" was administered to each of the above-mentioned hyper- 
calcemic model mice via tail vein in a dose amount of 20 or 
60 fig per mouse. On day 1, day 4, day 7 and day 11 after 
the administration, each of the mice was measured for the 
calcium concentration in blood and measured for the body 
weigh to evaluate the pharmacological efficacy of the anti- 
bodies. The tumor volume was determined by measuring the 
major diameter (a mm) and the minor diameter (b mm) of 
the tumor and calculating using the both measured values 
according to Galant's equation [ab^/2]. The calcium con- 
blood was determined as ionized calcium 
in whole blood by drawing blood from each of 
the mice via the orbit using a hematocrit tube and applying 
the blood to 643 Automatic Ca*7pH Analyzer (CIBA- 
CORNING). 

As a result, it was found that the administration of the 
chimeric antibody and the humanized antibodies each hav- 
ing the L chain versions "m", "r" and "q" leads to a rapid 
improvement in change of body weight and calcium con- 
centration in blood and a retention of improvement for a 
prolonged period of time for a subject. This result showed 
that the chimeric antibody and the humanized antibodies of 
the present invention are useful for treating malignant 
tumor-associated hypercalcemia (see FIGS. 15 and 16). 
EXAMPLE 6 
Examination of Pharmacological Efficacy on 
Hypercalcemia Model Animals (2) 

Using a hypercalcemia model animal (a human tumor 
transplanted nude mouse), a chimeric antibody and a 
humanized antibody having L chain version "q" against 
PTHrP were examined for their therapeutic efficacy on 
hypercalcemia as follows. 

The examination for the therapeutic efficacy on hypercal- 
cemia was conducted as follows. A single dose of the 
chimeric antibody or the humanized antibody having a L 
chain version "q" against PTHrP was administered to each 
of the above-mentioned hypercalcemia model mice via tail 
vein in a dose amount of 10 or 30 jug per mouse. On day 1, 
day 3, day 7 and day 11 after the administration, each of the 
mice was determined for the calcium concentration in blood 
and measured for the body weigh to evaluate the pharma- 
cological efficacy of the antibodies. The calcium o 
tion in blood was determined as ionized calcium o 
tion in whole blood by drawing blood from each of the mice 
via the orbit using a hematocrit tube and applying the blood 
to 643 Automatic Ca*7pH Analyzer (CIBA-CORNING). 

As a result, in the hypercalcemia model animal carrying 
human pancreatic cancer PAN-7, the administration of the 
chimeric antibody and the humanized antibody having the L 
chain version "q" leads to a rapid improvement with respect 
to body weight and calcium concentration in blood and to a 
retention of improvement for a prolonged time period for a 
subject. This result suggests that the chimeric antibody and 
the humanized antibody of the present invention are useful 
agent for treating malignant tumor-associated hypercalce- 
mia (see FIG. 17). 

EXAMPLE 7 
Examination of Pharmacological Efficacy on 
Hypercalcemia Model Animals (3) 
Using a hypercalcemia model animal (a human lung 
cancer LC-6 transplanted nude mouse), a chimeric antibody 
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and a humanized antibody having L chain version "q" 
against PTHrP were examined for their therapeutic efficacy 
on hypercalcemia. 

In this experiment, as the hypercalcemia model animal, a 
nude mouse into which human lung cancer LC-6 (purchased s 
from the Central Institute for Experimental Animals) was 
transplanted was used. It has been known that a nude mouse 
into which human lung cancer LC-6 is transplanted tends to 
show an increased calcium concentration in blood with 
increased tumor volume and develops hypercalcemia asso- lo 
ciated with decrease in body weight and spontaneous activ- 
ity. 

In this example, therapeutic efficacy of the chimeric 
antibody and the humanized antibody of the invention on 
hypercalcemia induced by the human lung cancer LC-6 was 
examined by the measurement of body weight and calcium 
concentration in blood of the test animal. 

The passage of the human lung cancer strain LC-6 was 
conducted using BALB/c-nu/nu nude mice (Nippon Charles 
River) in vivo. For the evaluation of pharmacological ^° 
efEcacy, 5-weeks-old male BALB/c-nu/nu nude mice 
(Nippon Charles River) were purchased and then acclima- 
tized them for 1 week, and the mice of 6-weeks-old were 
used. 

The hypercalcemia model mice were prepared and 
divided into groups in the following manner. The human 
lung cancer LC-6 passaged was excised and then finely cut 
into 3 mm cube of blocks. The resultant tumor blocks were 
subcutaneoiisiv Iransplanlcd under Ihc skin llap ol the mice 
at one pic-cc pti niousL Iwo oi ihitt wttks jliei the 
transplanlaln)n, when il was conlirnicd thai ihc lunior vol- 
uniL 111 each (il iht hull had btLoniL salislaLtm il\ lam,i,, the 
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i thai 



cal- 



cium ciiiicciitratKiii 111 blood and body weight ot the mice of 
the individual groups were averaged, and the mice were used 
as the hypercalcemia model animals. 

The examination of therapeutic eflScacy on hypercalcemia 
was conducted as follows. A single dose of the chimeric 
antibody or the humanized antibody having a L chain 
version "q" against PTHrP was administered to each of the 
above-mentioned hypercalcemia model mice via tail vein in 
a dose amount of 10 or 30 fig per mouse. On day 1, day 3, 
day 6 and day 10 after the administration, each of the mice 
was measured for the calcium concentration in blood and 45 
measured for the body weigh to evaluate the pharmacologi- 
cal efficacy of the antibodies. The calcium concentration in 
blood was determined as ionized calcium concentration in 
whole blood by drawing blood from each of the mice via the 
orbit using a hematocrit tube and applying the blood to 643 
Automatic Ca*7pH Analyzer (CIBA-CORNING). 

As a result, it was found that in the hypercalcemia model 
animal carrying human lung cancer LC-6, the administration 
of the chimeric antibody and the humanized antibody having 
the L chain version "q" leads to a rapid improvement with 55 
respect to body weight and calcium concentration in blood 
and to a retention of improvement for a prolonged time 
period for a subject. This result suggests that the chimeric 
antibody and the humanized antibody of the present inven- 
tion are useful agent for treating malignant tumor- gg 
associating hypercalcemia (see FIG. 18). 

EXAMPLE 8 
Kinetic Analysis of Interaction between PTHrP and 

anti-PTHrP Antibody Using BLVCORE ^5 

In this experiment, kinetic analysis of the antigen- 
antibody interaction using BIACORE was conducted. 



PTHrP(l-34+Cys) was used as an antigen and adsorbed 
onto the sensor tip specificaUy for C-terminals. Purified 
antibodies of various concentrations were used as an ana- 
lyte. From the sensorgram obtained, kinetics parameters 
(binding rate constant "kass" and dissociation rate constant 
"kdiss") were calculated. With respect to the kinetic 
analysis, literature "Kinetic analysis of monoclonal 
antibody-antigen interactions with a new biosensor based 
analytical system", Karlsson, R. et al., (1991), J. Immunol. 
Methods 145, p.229-240, was used for reference. 

(1) Immobilization of PTHrP (1-34+C) Onto the Sensor Tip 
PTHrP (1-34+C) Was Adsorbed Onto Sensor Tip CMS 
(Phamiacia). 

As a running buffer, HBS (10 mM HEPES, pH 7.4; 0.15 
M NaCl; 3.4 mM EDTA; 0.005% Surfactant P20) at a flow 
rate of 5 /d/min. was employed. The calboxyl groups of 
calboxymethyldextran on the sensor tip CM5 were activated 
by an injection of 100 /A of 0.05M N-hydroxysuccinimide 
(NHS)/0.2M N-ethyl-N'-(3-dimethylaminopropyl) 
carbodiimide hydrochloride (EDO) and an injection of 100 
of 80 mM 2-(2-pyridinyldithio)ethanamine (PDEA)/0.1 
M borate buffer (pH 8.5), and an additional injection of 10 
/ilof 5 /<g/ml PTHrP (l-34+C)/10mM sodium acetate buffer 
(pH 5.0) to adsorbe onto the ( -terminals of P II IrP ( 1 -34+C) 
specifically for Cys residues. Subsequently, an injection of 
100 fd of 50 mM (L)-cystein/lM NaCl/0.1 M sodium 
formate buffer (pH 4.3) was conducted to block excessively 
activated groups. Subsequently, an injection of 10 /ul of O.IM 
glycine-HCl buffer (pH 2.5) and 10 jul of 10 mM HCl was 
conducted to wash the substances having non-covalent 
bonding. The amount of the PTHrP (1-34+C) thus immu- 
nolized was 226.4 RU (resonance units) (FIG. 19). 

(2) Interaction Between Immunolized PTHrP (1-34+C) and 
Purified Mouse Anti-PTHrP Antibody 

As a running buffer, HBS at a flow rate of 20 /il/min. was 
used. The antibody producing hybridomas were injected into 
the abdominal cavity of a Balb/c mouse and after a couple 
of weeks, the ascites were collected and applied on protein 
A column to purify antibodies. The purified #23-57-137-1 
antibody was designated "MBC" and the purified 3F5 anti- 
body was designated "3F5". These antibodies were diluted 
with HBS in a series of concentrations of 1.25, 2.5, 5, 10 and 
20 /(g/ml. 

In the analysis, 40 /A of the antibody solution was injected 
for 2 min. to give a binding phase, and then HBS was 
injected for 2 min. to give a dissociation phase. After the 
dissociation was completed, 10 pH of 10 mM HCl was 
injected to recover the sensor tip. The analysis was con- 
ducted by using this binding-dissociation-recovering as one 
cycle and injecting various antibody solutions to obtain a 
sensorgram. 

(3) Interaction Between Immobilized Fl'HrP (1-34+C) and 
Purified Humanized Anti-PTHrP Antibody 

As a running buffer, HBS at a flow rate of 20/<l/min. was 
used. The antibody was produced by CHO cells and purified 
using protein A column. The purified chimeric antibody was 
designated "chMBC", and the purified humanized antibod- 
ies of versions m and q were designated "hMBCm" and 
"hMBCq'', respectively. These antibodies were diluted with 
HBS in a series of concentrations of 1.25, 2.5, 5, 10 and 20 
/(g/ml. 

In the analysis, 40 /A of the antibody solution was injected 
for 2 min. to give a binding phase, and then HBS was 
injected for 2 min. to give a dissociation phase. After the 
dissociation was completed, 10 fil of 10 mM HCl was 
injected to recover the sensor tip. The analysis was con- 
ducted by using a binding-dissociation-recovering as one 
cycle and by injecting various antibody solutions to obtain 
a sensorgram. 
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(4) Kinetic Analysis of the Interaction 

The date file of interest was read and a comparison of the 
reaction patterns was conducted by overlaying the reaction 
regions of interest (FIGS. 20-24). In each of FIGS. 20-24, 
lines sequentially indicate from the top the data for the 5 
antibody concentrations 1.25, 2.5, 5, 10 and 20 fig/'ml. 
Further, kinetic analysis of the interaction was conducted 
using an analysis software specifically designed for BIA- 
CORE "BlAevaluation 2.1" (Pharmacia) which is capable of 
calculating the kinetics parameters (binding rate constant 10 
"kass" and dissociation rate constant "kdiss") by curve 
cutting (Tables 4 and 5). 

TABLE 4 



Kdiss [1/s] 
Kass [1/Ms] 
KD [M] 



i of chimeric and hiur 



Kdiss [Vs] (xlO^) 
Kass [1/Ms] (xlO*) 
KD [M] (xlO-'°) 



In this experiment, for determining the binding rate 
constant, analysis model type 4 (BlAevaluation 2.1 Software 
Handbook, A1-A5) was used. 



1 lu 



;lion of Phosphorus in a Model 
or-Associated Hypercalcemia 



Malignant lumor-associated hypercalcemia (HHM) is a 
disease caused by the presence of PTHrP and it has been 
known that PTHrP accelerates bone resorption and calcium 
resorption in kidney and riniferous tubule, resulting in the 
development of hypercalcemia. On the other hand, with 
respect to phosphorus, PTHrP suppress the resorption of 
phosphorus in the kidney and riniferous tubule, resulting in 
the development of eliminant action, and therefore clinical 
HHM patients often develop hypophosphatemia. Here, the 
effect of humanized anti-PTIIrP antibody on excretion of jg 
phosphorus in the kidney was examined using malignant 
tumor-associated hypercalcemia model rats. 

As a model animal, a nude rat into which human lung 
cancer LC-6 (purchased from the Central Institute for 
Experimental Animals) was transplanted was used. It has 55 
been known that a nude rat into which human lung cancer 
LC-6 was subcutaneously transplanted tends to show an 
increased calcium concentration in blood was the increase of 
the tumor volume and, as a result, the rat develops hyper- 
calcemia which is associated with, for example, decrease in 
body weight and spontaneous activity. Using this model 
animal, the effect of the humanized anti-PTHrP antibody of 
the invention on phosphate excretion in the kidney was 
examined by a renal clearance method based on the below- 
mentioned fractional excretion of phosphate. 55 

The passage of the human lung cancer LC-6 was con- 
ducted using BALB/c-nu/nu nude mice (Nippon Kurea) in 



vivo. For the evaluation of pharmacological efficacy, 
5 -weeks-old male F344N/Jcl-rnu nude rats (Nippon Kurea) 
were purchased and then acclimafized them for 1 week, and 
the rats of 6-w66ks-old were used. 

The malignant tumor-associated hupercalcemic model 
animals were prepared as follows. The human lung cancer 
LC-6 tumor passaged was excised and then finely cut into 3 
mm cube of blocks. The resultant tumor blocks were sub- 
cutaneously transplanted imder the skin flap of the rats at one 
piece per rat. About thirty days after the transplantation, 
when it was confirmed that the tumor volmne in each of the 
rats became satisfactorily large (3000 mm^), the rats to be 
provided as the malignant tumor-associated hypercalcemia 
model animals were selected based on calcium concentra- 
tion in blood and body weight. 

The examination of phosphate excretion by a renal clear- 
ance method was conducted in the following manner. 

(1) Renal Clearance Method 

A malignant tumor-associated hypercalcemia model ani- 
mal was anesthetized with pentobarbital (Nembutal, Dain- 
ippon Pharmaceutical Co., Ltd.), fixed supinely onto a 
incubation mat maintained at 37° C, and inserted a cannula 
(a polyethylene tube, PESO, Nippon Beckton Dickinson) to 
its bladder to collect urine. Subsequently, the model animal 
was inserted a cannula for infusion (a polyethylene tube, 
PEIO, Nippon Beckton Dickinson) to its femoral vein, and 
then an infusion solution (0.7% inulin, 5% mannitol, 0.2% 
pentobarbital and 0.9% sodium chloride) was introduced 
into the model animal through the cannula at a flow rate of 
2 ml'hr using an infusion pump (Tcrufusion syringe pump; 
STC-525; TERUMO) to infuse the model animal. After 
equilibrating for 50 min., urine was collected through the 
cannula for five times at 20 min. intervals (i.e., from 
period- 1 to pcriod-.'S) to give urine samples. At the interme- 
diate point of lime during each urine collection procedure, 
approximately 0.25 ml of blood samples from the right 
cervical vein of the model animal were collected using a 
heparin-treated injection syringe. 

(2) Administration of Antibody 

During the above-mentioned clearance test, at the point of 
time where the collection of urine of period-2 was just 
started, a humanized anti-PTHrP antibody was administered 
intravenously to the animal in a dose amount of 1 mg/ml/kg. 

(3) Determination of Concentration of Inulin and Phospho- 
rus in Urine and Blood 

The urine samples obtained at period-1 to period-5 were 
measured for their volume and then determined for the 
inulin and phosphorus concentrations thereof. The blood 
samples also obtained above were subjected to cooling 
centrifugation to obtain a plasma sample, which was used 
for determining the inulin and phosphorus concentration. 
The determination of inulin was conducted by Anthrone- 
sulfate method (Roe, L. et al., J. Biol. Chem. 178, 839-845, 
1949), and the determination of phosphorus was conducted 
using Hitachi Automatic Analyzer 7170 model with a regent 
for inorganic phosphorus determination, Autosera IP 
(Daiichi Pure Chemicals) in accordance with a manual 
(Physke-Sabaroh method). 

(4) Calculation of Inulin Clearance, Phosphorus Clearance 
and Fractional Excretion of Phosphorus. 

Inulin clearance (Cin), phosphorus clearance (Cp) and 
fractional excretion of phosphorus (FEp) were calculated 
according to the following equations. 
Calculation of Inulin Clearance (Cin): 

Cin=Uin V/Pin 

Wherein Cin represents inulin clearance (ml/kg/min); Uin 
represents the concentration of inulin in urine (mg/ml); V 
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represents the amount of urine per unit time (ml/kg/min); 
and Pin represents the concentration of inulin in blood 
(mg/ml). 

Calculation of phosphorus clearance (Cp): 

Cp=Up VIPp 

Wherein Cp represents phosphorus clearance (ml/kg/min); 
Up represents the concentration of phosphorus in urine 
(mg/ml); V represents the amount of urine per unit time 
(ml/kg/min); and Pp represents the concentration of phos- 
phorus in blood (mg/ml) 

Calculation of fractional excretion of phosphorus (FEp): 

tEp=CplCin 

Wherein FEp represents fractional excretion of phosphorus; 
Cin represents inulin clearance; and Cp represents phospho- 
rus clearance. The examination was conducted using four 

The results were determined as the average 20 

value±standard error. 

Tlie results of fractional excretion of phosphorus and 
phosphorus conccntraticm in blood are shown in FIGS. 25 

FIG. 25 is a graph illustrating the relationship of fractional 25 
excretion of phosphorus (=phosphorus clearance/inulin 
clearance) vs. periods of clearance (1 period=20 min.). The 
humanized anti-PTHrP antibody (1 mg/kg) was adminis- 
tered (i.v.) at the time of the starting of period-2. 

FIG. 26 is a graph illustrating the relationship of phos- x) 
phorus concentration in plasma vs. periods of clearance (1 
period=20 min.). The humanized anti-PTHrP antibody (1 
mg/kg) was administered (i.v.) at the time of starting of 
period-2. 

From these resuhs, it was found that the fractional excre- 3s 

tion of phosphorus given after administering the antibody 
(i.e., from period-2 and period-5) was obviously suppressed 
compared with that given before administering the antibody 
(i.e., period-1). In other words, it was found that the admin- 
istration of the neutralizing antibody to a subject developing 40 
hypophosphatemia, which causes acceleration of excretion 
of phosphorus (FEp>0.2) recovered the phosphorus resorp- 
tion in the subject to approximately the normal level 
(fractional resorption of phosphate=l-FEp>0.8%) and, as a 
result, trend to normalcy of the phosphorus concentration in 4s 
blood of the subject was observed. TTiese results suggest the 
usefulness of the antibodies of the present invention as 
agents treating the accelerated excretion of phosphorus and 
hypophosphatemia caused by the presence of PTHrP. 

Since PTHrP is a substrate causing malignant tumor- 50 
associated hypercalcemia, the possibility of increase in 
phosphorus excretion and decrease in high energy organic 
phosphorus in tissue caused by PTHrP is predicted. 
Accordingly, various diseases associated with 
hypophosphatemia, such as hypophosphatemic rickets and 55 
hypophosphatemic vitamine D-resistant rickets, are consid- 
ered to be mainly caused by the increase in phosphorus 
excreted through urine and, therefore, the antibodies of the 
present invention would also be useful for treating these 
diseases. 60 

EXAMPLE 10 

Improvement of Various Chnical Symptoms of 
MaUgnant Tumor-associated Hypercalcemia 
It has been known that the maHgnant tumor-associated 
hypercalcemia is caused by the presence of PTHrP which is 
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produced by the tumor and that PTHrP accelerates bone 
resorption and calcium resorption in the kidney and the 
uriniferous tubule, leading to hypercalcemia. Further, in a 
patient suffering from hypercalcemia, worsening of clinical 
symptoms, such as poor performance status, loss of 
consciousness, systemic malaise, hydrodipsia, nausea and 
emesis (anorexia) are observed. The effect of the anti-PTHrP 
antibody on such chnical symptoms was examined using 
hypercalcemia model animals of human tmnor nude mouse 
transplantation system and hmnan tumor-nude rat transplan- 
tation system. 

As the hypercalcemia model animal, nude mice and nude 
rats into which human lung cancer LC-6 (purchased from 
the Central Institute for Experimental Animals) had been 
transplanted were used. Nude mice and nude rats into which 
human lung cancer LC-6 is transplanted tend to show 
increased calcium concentration in blood with increase in 
the tumor volume, leading hypercalcemia associated with 
decrease in body temperature and body weight. 

The improvement effect of mouse anti-PTHrP antibody 
on general chnical symptoms of mahgnant tumor-associated 
hypercalcemia was examined using a human lung cancer 
LC-6-nude mouse transplantation system and its result is 
shown photographically. The effect of the antibody on 
improvement of decrease in spontaneous activity, body 
temperature and anorexia was examined using a human lung 
cancer LC-6-nude mouse transplantation system. 
1. Improvement of Apparent Clinical Symptoms Associated 
With Hypercalcemia 

The passage of the human lung cancer strain LC-6 was 
conducted using BAI.B/c-nu/nu nude mice (Nippon Kurea) 
in vivo. For the evaluation of pharmacological efficacy, 
5-weeks-old male BALB/c-nu/nu nude mice (Nippon Krea) 
were purchased and then acclimatized for 1 week, and the 
mice of 6-weeks-old were used. 

The hypercalcemia model mice were prepared and 
divided into groups in the following manner. The human 
lung cancer l .C-6 passaged was excised and then finely cut 
into 3 mm cube of blocks. The resultant tumor blocks were 
subcutaneously transplanted under the skin flap of the mice 
at one piece per mouse. Twenty-seven days after the 
transplantation, when it was confirmed that the tumor vol- 
ume in each of the mice became satisfactorily large, the mice 
were divided into groups so that the tumor volume, the 
calcium concentration in blood and the body weights of the 
mice of the individual groups were averaged, and the mice 
were provided as the hypercalcemia model animals. 

The tumor volume was determined by measuring the 
major diameter (a mm) and the minor diameter (b mm) of 
the tumor and calculating using the both measured values 
according to Galant's equation [ab^/2]. 

The calciimi concentration in blood was determined as 
ionized calcium concentration in whole blood by drawing 
blood from each of the mice via the orbit using a hematocrit 
tube and applying the blood to 643 Automatic Ca**/pH 
Analyzer (CIBA-CORNING). 

The examination of therapeutic efficacy of the antibody 
on hypercalcemia was conducted in the following manner. 
The mouse antibody against PTHrP was administered to 
each of the above-mentioned hypercalcemia model animal 
via the tail vein on day 27, 30, 34 and 37 after transplanting 
the tumor in a dose amount of 100 per mouse. For 
preparation of controls, a phosphate buffered-physiological 
saline was administered instead of the antibody in the same 
manner. On 41 days after transplanting the tumor, from each 
of the antibody-administered group and the control group, a 
typical mouse was selected and a picture was taken thereof 
along with a normal mouse. 
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As a result, in the hypercalcemia model animal trans- 
planted with human lung cancer LC-6, although the 
antibody-administered mice (shown in center of each of 
FIGS. 27 and 28) bore the same level of tumor mass as the 
control mouse (shown in the right of each of FIGS. 27 and 5 
28), they exhibited the same level of appearance as the 
normal mouse (shown in the left of FIGS. 27 and 28). This 
result suggest that the administration of the anti-PTHrP 
antibody exerts an improvement in apparent-cUnical symp- 
toms (FIGS. 27 and 28). 

2. Improvement of Spontaneous Activity Decrease Associ- 
ated With Hypercalcemia 

The passage of the human lung cancer LC-6 was con- 
ducted using BALB/c-nu/nu nude mice (Nippon Kurea) in 
vivo. For the evaluation of pharmacological eflBcacy, 
5-weeks-old male F344/N Jcl-run nude rats (Nippon Krea) 
were purchased and then acclimatized for 1 week, and the 
rats of 6-weeks-old were used. 

The hypercalcemia model animals were prepared in the 
following manner. The human lung cancer I,C'-6 passaged 
was excised and then finely cut into 3 mm cube o{ bkicks. 20 
The resultant tumor blocks were subcutaneously trans- 
planted under the skin flap of the mice at one piece per 
mouse. About thirty days after the transplantation, when it 
was confirmed that the tumor volume in each of the mice had 
become satisfactorily large, the mice were divided into 25 
groups so that the tumor volume, the calcium concentration 
in blood and the body weights of the mice of the individual 
groups were averaged, and the mice were provided as the 
hypercalcemia model animals. 

The calcium concentration in blood was determined as 
ionized calcium concentration in whole blood by drawing 
blood from each of the mice via the orbit using a hematocrit 
tube and applying the blood to 643 Automatic Ca**/pH 
Analyzer (CIBA-CORNING). 

(1) Method for Determination Of Spontaneous Activity 

The determination of spontaneous activity was conducted ^5 
using ANIMEX activity meter type SE (FARAD, 
Electronics, Sweden), which was placed in predetermined 
position in the polyethylene cage in which each of the model 
animals was individually nurtured (watering and feeding). 
This apparatus was designed to measure the amount of 40 
movement of each rat. Using this apparatus, the amount of 
movement was recorded as the count per a definite time of 
period. The measurement was conducted for 13 hours (from 
7:00 p.m. of a certain day to 8:00 a.m. of next day) and the 
results were given as count per hour. 45 

(2) Administration of Antibody 

The humanized anti-PTHrP antibody was administered 
each of the above-prepared rats which developed hypercal- 
cemia via its tail vein as a control in a dose amount of 5 
mg/0.5 ml/kg. Saline was administered to another group of 
the rats in the same manner. The measurement was con- ^° 
ducted with alternation of an antibody-administrated rat and 
a control rat. 

The measurement was conducted on day 0 (i.e., the day 
before administration), 2, 4, 7 and 14 for the antibody- 
administered rats and on day 1, 3, 5, 8 and 15 for the control 55 

As a result, the control rats showed no change or a 
decrease in spontaneous activity during the test period, 
whereas the antibody-administered rats showed an increase 
in spontaneous activity on and after day 4 of the adminis- 60 
tration (FIG. 29). 

3. Improvement in Body Temperature Decrease Associated 
With Hypercalcemia 

The passage of human lung cancer LC-6 and the prepa- 
ration of the malignant tumor-associated hypercalcemia 65 
model animals were conducted in the same manner as in step 
2 above. 



(1) Method for Measuring Body Temperature 

The measurement of body temperature was conducted 
using a digital thermometer by anesthetizing the animal with 
pentobarbital (Nembutal, Dainippon Pharmaceutical Co., 
Ltd.) and inserting a temperature sensor into the rectum 
thereof. 

(2) Administration of Antibody 

The humanized anti-PTHrP antibody was administered to 
each of the above-mentioned hypercalcemia model rats via 
the tail vein in a dose amount of 1 mg/ml/kg. For a control, 
saline was administered to another model rat via the tail 
vein. Further, a normal rat to which no antibody was 
administered was also measured for its body temperature. 
The measurement of body temperature of the rats was 
conducted on day 0 (i.e., the day of the administration), 1, 
2 and 3 after the administration with respect to all of the 
antibody-administered rats, the control rat and the normal 

As a result, the normal rat showed no change in body 
temperature (34.2-34.4° C.) throughout the test period, 
whereas the malignant tumor-associated hypercalcemia 
model rats showed a decrease in body temperature by about 
2° C. compared with the normal rats. When the humanized 
anti-PTHrP antibody was administered to the model rats, it 
was confirmed that the malignant tumor-associated hyper- 
calcemia model rats recover their decreased body tempera- 
tures to the same level as that of the normal rats three days 
after administration. These results suggests that the human- 
ized anti-PTHrP antibody of the present invention is effec- 
tive for improving the body temperature decrease of the 
malignant tumor-associated hypercalcemia model animal 
(FIG. 30). 

4. Improvement in Food Intake Decrease Induced 

The passage of the human lung cancer LC-6 and the 
preparation of the hypercalcemia model animals were con- 
ducted in the same manner as described in above section 2. 
The model animals prepared were divided into groups so 
that the calcium concentration in blood and the body weights 
of the mice of the individual groups were averaged, and the 
mice were used in the experiments below. 
(1) Measurement of Amount of Feed Intake 

During the test period, the rats were individually placed 
into a metabolic cage and nurtured with water and feed. With 
respect to each of the rats, the amount ingested was deter- 
mined as the amount (g) per 24 hours (starting from 9:00 
a.m. of a certain day to 9:00 a.m. of the next day). The 
determination was conducted by measuring the total weight 
of the feedstock container both at 9:00 a.m. of the day (i.e., 
tare) and at 9:00 a.m. of the next day and calculating the 
weight difference therebetween. 
(2) Administration of Antibody 

The humanized anti-PTHrP antibody was administered to 
each of the hypercalcemia model rats (HHM rats) described 
above via its tail vein in a dose amount of 5 mg/0.5 ml/kg. 
Saline was administered to each of control group via its tail 
vein in the same manner. Saline was also administered to 
each of normal rats via tail vein in the same manner. With 
respect to all of the antibody-administered rats, the control 
rats and the normal rats, the determination of the amount of 
food intake was conducted on day 0 (i.e., previous day of the 
administration to the day of the administration), day 1 (i.e., 
period from the day of the administration to the next day), 
day 3 (i.e., period from three days after the administration to 
the next day) and day 5 (i.e., period from five days after the 
administration to the next day). 

As a result, before administering the antibody, the amount 
ingested by the hypercalcemia model rats (5-9 rats) was 8.11 
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g in average, whereas that of the normal rats was 12.06 g in 
average, which demonstrates an obvious decrease in the 
amount of ingestion by hypercalcemia model rats. When the 
humanized ante-PTHrP antibody was administered to the 
model rats, on and after the day after administering the 
antibody, although almost no change was observed in the 
amount of ingestion by the control rats, the amount of 
ingested by the antibody-administered rats recovered to the 
same level of that in the normal rats. These results suggest 
that the humanized anti-PTHrP antibody of the present 
invention is effective in improving the decrease in the ^ 
amount ingested for the malignant tumor-associated hyper- 
calcemia model (Table 6). 

TABLE 6 

Effect on ingestion 



Administration* 



day 0 day 1 day 3 day 5 20 



Saline 



13.7 16.7 



18.63 1 



HHM 
HHM 



19.55 19.39 

Saline 9.83 15.5 20.72 19.88 

Saline 10.42 15.04 20.28 22.03 

Saline 10.77 14.24 12.66 11.82 , 

Saline 6.99 8.92 2.59 14.8 ' 

ti-FIBrP antibody 7.46 17.65 22.52 17.99 

ti-FIBrP antibody 12 12.38 20.94 23.1 

ti-PTHrP antibody 3.35 16.65 20.36 21.89 



in of antibody: 5 mg/0.5 ml/kg, v 



ml/kg, V 



id Admi 



From the above-mentioned results, it was demonstrated 
that the chimeric antibodies and the humanized antibodies of 
the present invention are useful as agents for improving the 
various clinical symptoms of malignant tumor-associated 
hypercalcemia. ' 
5. Improvement of Decrease in Blood pH Induced by 
Hypercalcemia 

The passage of human lung cancer LC-6 and the prepa- 
ration of the malignant tumor-associated hypercalcemia 
model animals were conducted in the same manner as in step '■ 
2 above. The model animals were divided into groups so that 
the calcium concentration in blood and the body weight of 
the mice of the individual groups were averaged. 
(1) Determination of Blood pH 

Blood was collected from each test animal using a 
heparin-treated injection syringe by cardiac blood drawing 



technique and then applying the resultant blood sample to 
643 Automatic Ca**/pH Analyzer (CIBA-CORNING) to 
determine pH of the blood sample. 
(2) Administration of Antibody 

The humanized anti-PTHrP antibody was administered to 
each of the above-mentioned hypercalcemia model rats 
(HHM rats) via its tail vein in a dose amount of 5 mg/0.5 
ml/kg (n=3). Saline was administered to each of control 
group via its tail vein in w the same manner (n=2). With 
respect to any of the antibody-administered rats and the 
control rats, the determination of blood pH was conducted 
on day 0 (i.e., the day of administration), day 1 and day 7. 
The results are given as average of the pH values obtained. 

As a result, before administering the antibody, the pH of 
the blood obtained from the hypercalcemic model rats was 
about 7.49 (whereas that from the normal rats was 
7.40+0.02), which means that the model rats obviously had 
developed metabolic alkalosis. When the humanized anti- 
PTHrP antibody of the present invention was administered 
to the model rats, although the control rats showed almost no 
change in blood pH, the antibody-administered rats showed 
such an improvement in pH values that the pH values 
recovered to near the pH value of the normal rats seven days 
after administering the antibody. As one of the clinical 
symptoms of malignant tumor-associated hypercalcemia 
(HHM), metabolic alkalosis has been reported which is 
known to be induced by the inhibition of excretion of 
bicarbonate ion (HCO3") in kidney. Since the administration 
of the humanized anti-PTHrP antibody of the present inven- 
tion normalized the blood pH in the hypercalcemia model 
animals, it is suggested that the antibody can improve the 
metabolic alkalosis found in HHM (FIG. 31). 

From the results mentioned above, it was demonstrated 
that the chimeric antibodies and the humanized antibodies of 
the present invention are useful as agents for improving the 
clinical symptoms of malignant tumor-associated hypercal- 



INDUSTRIAL APPLICABILITY 

According to the present invention, a chimeric antibody 
and a humanized antibody against PTHrP are provided. 
These antibodies have a low antigenicity against human and 
therefore are useful as agents for treating hypercalcemia, 
hypophosphatemia and the like. 



Artificial Sequence 
INFORMATION: Description of Artificial Sequence: Synthetic 



SEQUENCE: 1 
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<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA 

<400> SEQUENCE: 2 

ctggttcggc ccacctctga aggttccaga atcgatag 3 



<212> TYPE: DNA 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA 

<400> SEQUENCE: 3 

ggatcccggg ccagtggata gacagatg 2 

<210> SEQ ID NO 4 
<212> TYPE: DNA 

Sequence 

INFORMATION: Description of Artificial Sequence: Synthetic 



<400> SEQUENCE: 4 

ggatcccggg tcagrggaag gtggraaca 



tificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
<400> SEQUENCE: 5 

gttttcccag tcacgao 1 

<211> LENGTH: 17 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
<400> SEQUENCE: 6 



1 Sequence: Synthet 



> SEQUENCE: 7 

aagctt ccaccatgaa acttcgggct c 



<213> ORGANISM: 
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n of Artificial Sequen 



<400> SEQUENCE: 8 
tgttggatcc ctgcagag 



<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 



<400> SEQUENCE: 9 

gtctgaattc aagcttccac catggggttt gggctg 



<211> LENGTH: 41 



<213> ORGANISM: Artificial Sequence 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
<400> SEQUENCE: 10 

tttooogggo octtggtgga ggctgaggag acggtgacca g 4 
<211> LENGTH: 109 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA 

<400> SEQUENCE: 11 

gtctgaattc aagcttagta cttggccagc ccaaggccaa ccccacggtc accctgttcc 6 
cgccctcctc tgaggagctc caagccaaca aggccacact agtgtgtct 10 

<210> SEQ ID NO 12 
<211> LENGTH: 110 

Description of Artificial Sequence: Synthetic 

<400> SEQUENCE: 12 

ggtttggtgg tctccactcc cgccttgacg gggctgccat ctgccttcca ggccactgtc 6 
acagctcccg ggtagaagtc actgatcaga cacactagtg tggccttgtt 11 



<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA 

<400> SEQUENCE: 13 

ggagtggaga ccaccaaacc ctccaaacag agcaacaaca agtacgcggc cagcagctac 6 
ctgagcctga cgcccgagca gtggaagtcc cacagaag 9 
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<211> LENGTH: 106 
<212> TYPE: DNA 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA 



<400> SEQUENCE: 14 

tgttgaattc ttactatgaa cattctgtag gggccactgt c 
catgcgtgac ctggcagctg tagcttctgt gggacttcca c 

<210> SEQ ID NO 15 



<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

scription of Artificial Sequence: Synthetic 



<400> SEQUENCE: 15 

gtctgaattc aagcttagta cttggccagc 



: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
<400> SEQUENCE: 16 

tgttgaattc ttactatgaa 2 



1 Sequence 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
<400> SEQUENCE: 17 

caacaagtac gcggccagca gctacctgag cctgacgcc 3 



<211> LENGTH: 39 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 



gtagctgctg gccgcgtact tgttgttgct ctgtttgga 



<210> SEQ ID NO 19 
<212> TYPE: DNA 



il Sequence 

Description of Artificial Sequence: Synthetic 



<400> SEQUENCE: 19 

gtctgaattc aagcttagtc ctaggtcgaa ctgtggctgc 
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<210> SEQ ID NO 20 

<213> ORGANISM: Artificial Sequence 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
<400> SEQUENCE: 20 

tgttgaattc ttactaacac tctcccctgt tgaa 3 



tificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 



<400> SEQUENCE: 21 

gtctaagctt ccaccatggc ctggactcct ctctt 



<211> LENGTH: 48 
<212> TYPE: DNA 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA 

<400> SEQUENCE: 22 

tgttgaattc agatctaact acttacctag gacagtgacc ttggtccc 4 

<210> SEQ ID NO 23 
<211> LENGTH: 128 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA 

<400> SEQUENCE: 23 

gtctaagctt ccaccatggg gtttgggctg agctgggttt tcctcgttgc tcttttaaga 6 
ggtgtccagt gtcaggtgca gctggtggag tctgggggag gcgtggtcca gcctgggagg 12 
tccctgag 12 



<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
<400> SEQUENCE: 24 

accattagta gtggtggtag ttacacctac tatccagaca gtgtgaaggg gcgattcacc 60 
atctccagag acaattccaa gaacacgctg tatctgcaaa tgaacagcct gagagctgag 120 

gacac 125 



<213> ORGANISM: 
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scription of Artificial Sequence: Synthetic 
DNA 

100> SEQUENCE: 25 

taccaccac tactaatggt tgccacccac tccagcccct tgcctggagc ctggcggacc 6 
aagacatgc catagctact gaaggtgaat ccagaggctg cacaggagag tctcagggac 12 
tcccaggct gg 13 



Artificial Sequence 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA 

<400> SEQUENCE: 26 

tgttggatcc ctgaggagac ggtgaccagg gttccctggc cccagtaagc aaagtaagtc 6 
atagtagtct gtctcgcaca gtaatacaca gccgtgtcct cagctctcag 11 

<211> LENGTH: 30 
<212> TYPE: DNA 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA 

<400> SEQUENCE: 27 

gtctaagctt ccaccatggg gtttgggctg 3 

<210> SEQ ID NO 28 
<211> LENGTH: 30 
<212> TYPE: DNA 

Description of Artificial Sequence: Synthetic 



<400> SEQUENCE: 28 

tgttggatcc ctgaggagac ggtgaccag 



Artificial Sequence 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA 

<400> SEQUENCE: 29 

acaaagcttc caccatggcc tggactcctc tcttcttctt ctttgttctt cattgctcag 6 
gttctttctc ccagcttgtg ctgactcaat cgccctctgc ctctgcctcc ctgggagcct 12 
cggtcaagct cac 13 



Description of Artificial Sequence: Syntt 
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<400> SEQUEHCE: 30 

agcaagatgg aagccacagc acaggtgatg ggattcctga tcgcttctca ggctccagct 
ctggggctga gcgctacctc accatctcca gcctccagtc tgaggatgag gctgacta 

<2ll> LENGTH: 128 
<212> TYPE: DHA 



<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

<400> SEQUENCE: 31 

ctgtggcttc catcttgctt aagtttcatc aagtaccgag ggcccttctc tggctgctgc 6 
tgatgccatt caatggtgta cgtactgtgc tgactactca aggtgcaggt gagcttgacc 12 



<211> LENGTH: 114 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA 

<400> SEQUENCE: 32 

cttggatccg ggctgaccta ggacggtcag tttggtccct ccgccgaaca ccctcacaaa 6 
ttgttcctta attgtatcac ccacaccaca gtaatagtca gcctcatcct caga 11 



<220> FEATURE: 



<212> TYPE: DNA 



ription of Artificial Sequence: 



tificial Sequence 
INFORMATION: Description of Artificial Sequence: Synthetic 



<400> SEQUENCE: 34 
cttggatccg ggctgacct 



<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA 

<400> SEQUENCE: 35 

cttggatccg ggctgaccta ggacggtcag tttggtccct ccgccgaaca cgtacacaaa 6 
ttgttcctta attgt 7 
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<210> SEQ ID NO 36 
<211> LENGTH: 43 
<212> TYPE: DNA 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA 



<400> SEQUENCE: 36 

aaaggatcct taagatccat caagtaccga gggggcttct ctg 



<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA 

<400> SEQUENCE: 37 

acaaagctta gcgctacctc accatctcca gcctccagcc tgagga 4 



<210> SEQ ID NO 38 



Bcription of Artificial Seque 
DNA 

<400> SEQUENCE: 38 

cttggatccg ggctgaccta ggacggtcag tttggtccct ccgccgaaca 
ttgttcctta attgtatcac ccacaccaca gatatagtca gcctcatcct 



1 Sequence 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
<400> SEQUENCE: 39 

cttctctggc tgctgctgat accattcaat ggtgtacgta ct 4 



<211> LENGTH: 26 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 



<400> SEQUENCE: 40 
cgagggccct tctctggctg ctgctg 



<212> TYPE: DNA 

tificial Sequence 



scription of Artificial Sequence: Synthetic 



> SEQUENCE: 41 

agggcc ctargtacst gatgrawctt aagca 
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<210> SEQ ID NO 42 

<213> ORGANISM: Artificial Sequence 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
<400> SEQUENCE: 42 

cacgaattca ctatcgattc tggaaccttc agagg 3 



tificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 



<400> SEQUENCE: 43 

ggcttggagc tcctcaga 1 

<211> LENGTH: 20 
<212> TYPE: DNA 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA 

<400> SEQUENCE: 44 

gacagtggtt caaagttttt 2 

<210> SEQ ID NO 45 

<211> LENGTH: 118 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 45 

Gin Leu Val Leu Thr Gin Ser Ser Ser Ala Ser Phe Ser Leu Gly Ala 
15 10 15 

Ser Ala Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

lie Glu Trp Tyr Gin Gin Gin Pro Leu Lys Pro Pro Lys Tyr Val Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly lie Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Asp Arg Tyr Leu Ser lie Ser 
65 70 75 80 

Asn lie Gin Pro Glu Asp Glu Ala Met Tyr lie Cys Gly Val Gly Asp 

85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Val 
100 105 110 

Thr Val Leu Gly Gin Pro 
115 



> SEQUENCE: 46 
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Glu Val Gin Leu Val Glu Ser Gly Gly Asp Leu Val Lys Pro Gly Gly 
15 10 15 

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Gly Met Ser Trp lie Arg Gin Thr Pro Asp Lys Arg Leu Glu Trp Val 
35 40 45 

Ala Thr lie Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Ser Ser Leu Lys Ser Glu Asp Thr Ala Met Phe Tyr Cys 



Ala Arg Gin Thr Thr Met Thr Tyr Phe Ala Tyr Trp Gly Gin Gly Thr 
100 105 110 

Leu Val Thr Val Ser Ala 



<211> LENGTH: 116 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 47 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

lie Glu Trp His Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 
35 40 45 

Lys Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly lie Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr lie Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 
100 105 110 

<212> TYPE: 
<213> ORGAN 

<400> SEQUENCE: 48 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys Tyr Leu Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 



Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 



82 
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r Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 
85 90 95 

r He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



Thr Val Leu Gly Gin Pro 
115 



<211> LENGTH: 118 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 49 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys Tyr Val Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



Thr Val Leu Gly Gin 
115 



<210> SEQ ID NO 50 



<400> SEQUENCE: 50 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 

50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 
100 105 110 

Thr Val Leu Gly Gin Pro 
<213> ORGANISM: Homo sapiens 
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<400> SEQUENCE: 51 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

lie Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Val Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly lie Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



115 



<400> SEQUENCE: 52 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys Tyr Leu Met 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly Val Gly Asp 

85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



1 Leu Gly Gin Pro 
115 



<213> 
<400> SEQUENCE: 53 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 

20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
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Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr lie Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr lie Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



Thr Val Leu Gly Gin Pro 
115 



<210> SEQ ID NO 54 
<211> LENGTH: 118 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 54 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys Tyr Val Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



1 Leu Gly Gin Pro 
115 



<211> LENGTH: 118 
<212> TYPE: PRT 



<400> SEQUENCE: 55 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Val Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 

50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



Thr Val Leu Gly Gin E 
115 



<211> LENGTH: 118 
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Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 

15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 

20 25 30 

Gly Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 

35 40 45 

Ala Thr lie Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro Asp Ser Val 

50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 

65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 

85 90 95 

Ala Arg Gin Thr Thr Met Thr Tyr Phe Ala Tyr Trp Gly Gin Gly Thr 



100 



105 



1 Thr V 
115 



<210> SEQ ID N 



<222> LOCATION: 



lie Leu Lys Gly 



? He Arg Gin Thr I 



b agt ggt ggt agt tac acc tac tat cca 
r Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro 



: He Ser Arg Asp Asn Ala Lys Asn 



3 ctg caa atg age agt ctg aag t 



r Tyr Phe Ala Tyr Trp Gly 
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<210> SEQ ID NO 5 



<221> NAME /KEY: sig_peptide 
<222> LOCATION: (1)..(57) 
<221> NAME/KEY: mat_peptide 



<400> SEQUENCE: 59 

Lys Ala Ser Gin Asp Val Asn Thr Ala Val Ala 



<400> SEQUENCE: 60 

Ser Ala Ser Asn Arg Tyr Thr 



<213> ORGANISM: Homo sapier 
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<400> SEQUENCE: 61 

Gin Gin His Tyr Ser Thr Pro Phe Thr 



<212> TYPE: PRT 



<400> SEQUENCE: 62 
Pro Tyr Trp Met Gin 



<400> SEQUENCE: 63 

Ser lie Phe Gly Asp Gly Asp Thr Arg Tyr Ser Gin Lys Phe Lys Gly 



<400> SEQUENCE: 64 

Gly Leu Arg Arg Gly Gly Tyr Tyr Phe Asp Tyr 



> ORGANISM: Homo sapien 



<400> SEQUENCE: 65 

atg gcc tgg act cct 



3er Phe Ser Gin Leu Val Leu Thr Gin Ser Ser Ser Ala Ser Phe 



Thr Tyr Thr He Glu Trp Tyr Gin Gin Gin P 
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Pro Glu Asp Glu Ala Met Tyr He Cys Gly 



Thr Lys Val Thr Val Leu Gly Gin I 



<210> SEQ ID NO 6 



<221> NAME /KEY: sig_peptide 
<222> LOCATION: (1)..(57) 
<221> NAME /KEY: mat_peptide 



<400> SEQUENCE: 66 

atg gcc tgg act cct etc ttc ttc ttc ttt gtt ctt cat tgc tea ggt 



Thr Tyr Thr He Glu Trp His Gin Gin Gin Pro Glu Lys Gly P 



<221> NAME/KEY: CDS 



<221> NAME/KEY: sig peptide 
<222> LOCATION: (1)..(57) 
<221> NAME/KEY: mat_peptide 



<400> SEQUENCE: 
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<211> LENGTH: 411 



<221> NAME /KEY: CDS 

<222> LOCATION: (1)..(411) 

<221> NAME/KEY: sig_peptide 

<222> LOCATION: (1)..(57) 

<221> NAME/KEY: mat_peptide 



<400> SEQUENCE: 
atg gcc tgg act 
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<212> TYPE: DHA 



<221> NAME /KEY: CDS 



<400> SEQUENCE: 



3er Phe Ser Gin 



i Phe Phe Phe Phe 



1 Lys Leu Thr Cys T 



r Tyr Thr lie Glu Trp Tyr G 



LI Lys Gin Asp Gly Ser 



jlu Ala Asp Tyr Tyr Cys Gly 



Thr Lys Leu Thr Val 



<222> LOCATION: 
<400> SEQUENCE: 

atg gcc tgg act 



i-g-peptide 
at_peptide 



c Phe Ser Gin 
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r Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 



i: Gly Ala Glu Arg Tyr 



r He Lys Glu Gin Phe 



Thr Lys Leu Thr V 



<210> SEQ ID N 



<222> LOCATION: 



'. Phe Ser Gin 



s Ser Gly Ser Ser Ser G 



IT Glu Asp Glu Ala 



r He Lys Glu Gin E 
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<210> SEQ ID NO 72 



<221> NAME /KEY: sig_peptide 



> SEQUENCE: 72 

gcc tgg act cct etc ttc ttc ttc 
Ma Trp Thr Pro Leu Phe Phe Phe 



3 Tyr He Cys Gly 



<221> NAME/KEY: sig_peptide 
<222> LOCATION: (1)..(57) 

(58). .(411) 



c Pro Leu Phe Phe Phe P 



z ttg agt agt c 
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g gat ctt aag caa gat gga age cac age aca ggt gat ggg 
t Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 



1. Phe Gly Gly Gly 



<210> SEQ ID NO 74 
<212> TYPE: DNA 



<222> LOCATION: (1)..(57) 
<221> NAME/KEY: mat_peptide 
(58). .(411) 



c tct gcc tct gcc t 



Thr Lys Leu Thr Val Leu Gly Gin Pro 



<212> TYPE: PRT 
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mo sapiens 
<400> SEQUENCE: 75 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He Gin 
Asp Leu Arg Arg Arg Phe Phe Leu His His Leu He Ala Glu He His 



<213> ORGANISM: Homo sapiens 
<400> SEQUENCE: 76 

Met Asn Phe Gly Leu Ser Leu He Phe Leu Ala Leu He Leu Lys Gly 
-15 -10 -5 

Val Gin Cys Glu Val Gin Leu Val Glu Ser Gly Gly Asp Leu Val Lys 
-11 5 10 

Pro Gly Gly Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe 
15 20 25 

Ser Ser Tyr Gly Met Ser Trp He Arg Gin Thr Pro Asp Lys Arg Leu 
30 35 40 45 

Glu Trp Val Ala Thr He Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro 
50 55 60 

Asp Ser Val Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn 
65 70 75 

Thr Leu Tyr Leu Gin Met Ser Ser Leu Lys Ser Glu Asp Thr Ala Met 
80 85 90 

Phe Tyr Cys Ala Arg Gin Thr Thr Met Thr Tyr Phe Ala Tyr Trp Gly 



Gin Gly Thr Leu Val Thr Val S 

110 115 



<211> LENGTH: 137 
<212> TYPE: PRT 



Homo sapiens 
<400> SEQUENCE: 77 

Met Gly Phe Gly Leu Ser Trp Val Phe Leu Val Ala Leu Leu Arg Gly 
-15 -10 -5 

Val Gin Cys Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin 
-11 5 10 

Pro Gly Arg Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe 

15 20 25 

Ser Ser Tyr Gly Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 
30 35 40 45 

Glu Trp Val Ala Thr He Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro 
50 55 60 

Asp Ser Val Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn 

65 70 75 

Thr Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val 
80 85 90 

Tyr Tyr Cys Ala Arg Gin Thr Thr Met Thr Tyr Phe Ala Tyr Trp Gly 
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<211> LENGTH: 137 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 78 

Met Ala Trp Thr Pro Leu Phe Ph 



Phe 



r Gin 



Leu Gly Ala Ser Ala Lys Leu 

15 20 

Thr Tyr Thr lie Glu Trp Tyr 

30 35 

Tyr Val Met Asp Leu Lys Gin 
50 

He Pro Asp Arg Phe Ser Gly 



Thr Gin 
5 

Gin Gin G 



25 



c Gin 



Gin Pro Leu Lys Pro Pro Lys 
45 

5r Thr Gly Asp Gly 

;er Gly Ala Asp Arg Tyr Leu 
75 

Ser He Ser Asn He Gin Pro Glu Asp Glu Ala Met Tyr He Cys Gly 
80 85 90 

Val Gly Asp Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 
95 100 105 

Thr Lys Val Thr Val Leu Gly Gin Pro 



70 



<400> SEQUENCE: 79 

4et Ala Trp Thr Pre 



'. Phe 



r Gin 



Leu Gly Ala Ser Val Lyi 

15 

Thr Tyr Thr He Glu Tr] 

Tyr Leu Met Lys Leu Lys g: 
50 

He Pro Asp Arg Phe Ser G! 

65 

Thr He Ser Ser Leu Gin 

Val Gly Asp Thr He Lys 
95 

Thr Lys Leu Thr Val Leu 



r Gin 



25 



Gin Pro Glu Lys Gly Pro Arg 
40 45 

Ser His Ser Thr Gly Asp Gly 
55 60 

Ser Gly Ala Glu Arg Tyr Leu 

75 

Tyr Tyr Cys Gly 
Phe Gly Gly Gly 
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<400> SEQUEHCE: 80 

Met Ala Trp Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 

-11 5 10 

Leu Gly Ala Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 
15 20 25 

Thr Tyr Thr He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys 
30 35 40 45 

Tyr Leu Met Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 
50 55 60 

He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 
65 70 75 

Thr He Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly 
80 85 90 

Val Gly Asp Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 



Thr Lys Leu Thr Val Leu Gly Gin Pro 
110 115 



<210> SEQ ID NO 81 
<211> LENGTH: 137 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 81 

Met Ala Trp Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 
-15 -10 -5 

Ser Phe Ser Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser 
-11 5 10 

Leu Gly Ala Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 

15 20 25 

Thr Tyr Thr He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys 
30 35 40 45 

Tyr Val Met Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 
50 55 60 

He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 

65 70 75 

Thr He Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly 
80 85 90 

Val Gly Asp Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 



r Lys Leu Thr Val Leu Gly Gin Pro 
3 115 



<213> ORGANISM: Homo sapiens 
<400> SEQUENCE: 82 

Met Ala Trp Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 
-15 -10 -5 

Ser Phe Ser Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser 
-11 5 10 

Leu Gly Ala Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 
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15 20 25 

Thr Tyr Thr lie Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg 

Tyr Leu Met Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 

50 55 60 

He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 

65 70 75 

Thr He Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly 

80 85 90 

Val Gly Asp Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 



Thr Lys Leu Thr Val Leu Gly Gin I 
110 115 



<400> SEQUENCE: 83 

Met Ala Trp Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 

-15 -10 -5 

Ser Phe Ser Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser 

Leu Gly Ala Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 

15 20 25 

Thr Tyr Thr He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg 

30 35 40 45 

Tyr Val Met Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 

50 55 60 

He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 

65 70 75 

Thr He Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly 

Val Gly Asp Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 



Thr Lys Leu Thr Val Leu Gly Gin Pro 

110 115 



00> SEQUENCE: 84 

t Ala Trp Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 

-15 -10 -5 

r Phe Ser Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser 

-11 5 10 

Q Gly Ala Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 

15 20 25 

r Tyr Thr He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys 

0 35 40 45 

r Leu Met Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 

50 55 60 

e Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 
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Thr lie Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr lie Cys Gly 

80 85 90 

Val Gly Asp Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 



Thr Lys Leu Thr Val Leu Gly Gin Pro 
110 115 



<210> SEQ ID NO 8 
<211> LENGTH: 137 
<212> TYPE: PRT 



<400> SEQUENCE: 85 

Met Ala Trp Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 

-15 -10 -5 

Ser Phe Ser Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser 

-11 5 10 

Leu Gly Ala Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 

15 20 25 

Thr Tyr Thr He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg 

30 35 40 45 

Tyr Leu Met Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 

He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 

65 70 75 

Thr He Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly 

80 85 90 

Val Gly Asp Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 



c Lys Leu Thr Val Leu Gly Gin Pro 
LO 115 



<210> SEQ ID NO 86 
<211> LENGTH: 137 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 86 

Met Ala Trp Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 
-15 -10 -5 

Ser Phe Ser Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser 



Leu Gly Ala Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 
15 20 25 

Thr Tyr Thr He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys 
30 35 40 45 

Tyr Val Met Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 
50 55 60 

He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 
65 70 75 

Thr He Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly 

Val Gly Asp Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 
95 100 105 

Thr Lys Leu Thr Val Leu Gly Gin Pro 
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<210> SEQ ID NO 8 



<400> SEQUENCE: 87 

Met Ala Trp Thr Pro Leu Phe Phe Phe Phe Val Leu His Cys Ser Gly 

-15 -10 -5 

Ser Phe Ser Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser 
-11 5 10 

Leu Gly Ala Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser 
15 20 25 

Thr Tyr Thr lie Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg 

30 35 40 45 

Tyr Val Met Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly 

50 55 60 

lie Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu 

65 70 75 

Thr He Ser Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly 

Val Gly Asp Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly 



r Lys Leu Thr Val Leu Gly Gin Pro 
3 115 



<400> SEQUENCE: 88 

Glu Val Gin Leu Val Glu Ser Gly Gly Asp Leu Val Lys Pro Gly Gly 
15 10 15 

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Gly Met Ser Trp He Arg Gin Thr Pro Asp Lys Arg Leu Glu Trp Val 
35 40 45 

Ala Thr He Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Ser Ser Leu Lys Ser Glu Asp Thr Ala Met Phe Tyr Cys 



Ala Arg Gin Thr Thr Met Thr Tyr Phe Ala Tyr Trp Gly Gin Gly Thr 
100 105 110 

Leu Val Thr Val Ser Ala 
115 



<210> SEQ ID NO 89 
<211> LENGTH: 115 
<212> TYPE: PRT 



<400> SEQUENCE: 89 

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
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Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Ala Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Val lie Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 

85 90 95 

Ala Arg Glu Ser Arg Gly Asp Tyr Trp Gly Gin Gly Thr Leu Val Thr 



Val Ser Ser 
115 



<210> SEQ ID NO 90 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: synthet 
peptide 

<400> SEQUENCE: 90 

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Gly Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Thr lie Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 



Ala Arg Gin Thr Thr Met Thr Tyr Phe Ala Tyr Trp Gly Gin Gly Thr 
100 105 110 



:,eu Val Thr Val £ 



<400> SEQUENCE: 91 

Gin Leu Val Leu Thr Gin Ser Ser Ser Ala Ser Phe Ser Leu Gly Ala 
15 10 15 

Ser Ala Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

lie Glu Trp Tyr Gin Gin Gin Pro Leu Lys Pro Pro Lys Tyr Val Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly lie Pro Asp 



Arg Phe Ser Gly Ser Ser Ser Gly Ala Asp Arg Tyr Leu Ser lie Ser 
65 70 75 80 
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Asn He Gin Pro Glu Asp Glu Ala Met Tyr He Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Val 



Thr Val Leu Gly Gin Pro 
115 



<211> LENGTH: 99 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 92 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gly His Ser Ser Tyr Ala 
20 25 30 

He Ala Trp His Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 
35 40 45 

Lys Leu Asn Ser Asp Gly Ser His Ser Lys Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gin Thr Trp Gly 
85 90 95 

Thr Gly He 

<211> LENGTH: 118 
<212> TYPE: PRT 

<213> ORGANISM: ArtiScial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: synth 
peptide 

<400> SEQUENCE: 93 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 

20 25 30 

He Glu Trp His Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 
35 40 45 

Lys Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 

65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 
100 105 110 

Thr Val Leu Gly Gin Pro 
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<400> SEQUENCE: 94 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

lie Glu Trp His Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 

35 40 45 

Lys Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly lie Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 
100 105 110 

Thr Val Leu Gly Gin Pro 
115 

<210> SEQ ID NO 95 



scription of Artificial Sequence: synth 
<400> SEQUENCE: 95 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp His Gin Gin Gin Pro Glu Lys Pro Pro Arg Tyr Leu Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 

65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 
100 105 110 

Thr Val Leu Gly Gin Pro 

115 



<213> ORGANISM: Artificial Sequence 



> SEQUENCE: 96 



Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
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He Glu Trp His Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 

Lys Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Pro Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 
100 105 110 

Thr Val Leu Gly Gin Pro 
115 

<212> TYPE: PRT 
<220> FEATURE: 

peptide 
<400> SEQUENCE: 97 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp His Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 
35 40 45 

Lys Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 
100 105 110 

Thr Val Leu Gly Gin Pro 

115 

<223> OTHER INFORMATION: Description of Artificial Sequence: synthetic 

peptide 

<400> SEQUENCE: 98 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp His Gin Gin Gin Pro Glu Lys Pro Pro Arg Tyr Leu Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
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Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr lie Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



115 



<210> SEQ ID NO 99 

scription of Artificial Sequence: synthet 
<400> SEQUENCE: 99 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 

20 25 30 

lie Glu Trp His Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 
Lys Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 

65 70 75 80 

Ser Leu Gin Pro Glu Asp Glu Ala Asp Tyr lie Cys Gly Val Gly Asp 
Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



1 Leu Gly Gin Pro 
115 



<210> SEQ ID NO 100 

<213> ORGANISM: Artificial Sequence 

<223> OTHER INFORMATION: Description of Artificial Sequence: synth 

peptide 

<400> SEQUENCE: 100 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 
35 40 45 

Lys Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 
Thr Val Leu Gly Gin Pro 



APPEAL BRIEF Serial No. 10/520,085 



Evidence Appendix (k) - Page 101 of 107 



US 6,903,194 Bl 
129 130 



<210> SEQ ID NO 101 
<211> LENGTH: 118 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

peptide 

<400> SEQUENCE: 101 

Gin Leu Vol Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

lie Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 
35 40 45 

Lys Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly lie Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr lie Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



r Val Leu Gly Gin Pro 
115 



<400> SEQUENCE: 102 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys Tyr Leu Met 
35 40 45 

Lys Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 

85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



Thr Val Leu Gly Gin E 
115 



<213> ORGANISM: Artificial Sequence 

<223> OTHER INFORMATION: Description of Artificial Sequence: synthetic 
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peptide 
<400> SEQUENCE: 103 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

lie Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys Tyr Leu Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly lie Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr lie Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



r Val Leu Gly Gin Pro 
115 



: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: synthetic 
peptide 

<400> SEQUENCE: 104 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys Tyr Val Met 
35 40 45 

Lys Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 

85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



1 Leu Gly Gin Pro 
115 



<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: synt 
peptide 

<400> SEQUENCE: 105 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
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He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys Tyr Val Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



Thr Val Leu Gly Gin Pro 
115 



<210> SEQ ID NO 106 

Artificial Sequence 

3 

<400> SEQUENCE: 106 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



Thr Val Leu Gly Gin E 
115 



<211> LENGTH: 118 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



<400> SEQUENCE: 107 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Val Met 
35 40 45 

Lys Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 



Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 
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r Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 
85 90 95 

r He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



Thr Val Leu Gly Gin Pro 
115 



108 
18 

Artificial Sequence 
3RMATI 

<400> SEQUENCE: 108 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Val Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Gly Val Gly Asp 

85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



Thr Val Leu Gly Gin 
115 



<211> LENGTH: 118 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: synthetic 
<400> SEQUENCE: 109 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys Tyr Leu Met 
35 40 45 

Lys Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 
100 105 110 

115 
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<210> SEQ ID NO 110 

Artificial Sequence 
3RMATI 

<400> SEQUENCE: 110 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 
20 25 30 

lie Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Lys Tyr Leu Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



Thr Val Leu Gly Gin Pro 
115 



<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: synthet 
peptide 

<400> SEQUENCE: 111 

Gin Leu Val Leu Thr Gin Ser Pro Ser Ala Ser Ala Ser Leu Gly Ala 
15 10 15 

Ser Val Lys Leu Thr Cys Thr Leu Ser Ser Gin His Ser Thr Tyr Thr 

20 25 30 

He Glu Trp Tyr Gin Gin Gin Pro Glu Lys Gly Pro Arg Tyr Leu Met 
35 40 45 

Asp Leu Lys Gin Asp Gly Ser His Ser Thr Gly Asp Gly He Pro Asp 
50 55 60 

Arg Phe Ser Gly Ser Ser Ser Gly Ala Glu Arg Tyr Leu Thr He Ser 
65 70 75 80 

Ser Leu Gin Ser Glu Asp Glu Ala Asp Tyr He Cys Gly Val Gly Asp 
85 90 95 

Thr He Lys Glu Gin Phe Val Tyr Val Phe Gly Gly Gly Thr Lys Leu 



1 Leu Gly Gin Pro 
115 



: Artificial Seque 



Bcription of Artificial Sequence: syntt 
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<400> SEQUENCE: 112 

Gin Leu Val Leu Thr Gin Ser Pro Ser 
1 5 

Ser Val Lys Leu Thr Cys Thr Leu Ser 
20 25 

lie Glu Trp Tyr Gin Gin Gin Pro Glu 
35 40 

Asp Leu Lys Gin Asp Gly Ser His Ser 
50 55 

Arg Phe Ser Gly Ser Ser Ser Gly Ala 
65 70 

Ser Leu Gin Ser Glu Asp Glu Ala Asp 
85 

Thr He Lys Glu Gin Phe Val Tyr Val 
100 105 

Thr Val Leu Gly Gin Pro 
115 



Ala Ser Ala Ser Leu Gly Ala 
10 15 

Ser Gin His Ser Thr Tyr Thr 
30 

Lys Gly Pro Lys Tyr Val Met 
45 

Thr Gly Asp Gly He Pro Asp 
60 

Glu Arg Tyr Leu Thr He Ser 
75 80 

Tyr He Cys Gly Val Gly Asp 
90 95 

Phe Gly Gly Gly Thr Lys Leu 



<211> LENGTH: 118 
<212> TYPE: PRT 

: Artificial Sequence 



Gil 



:400> SEQUENCE: 113 

1 Leu Thr Gin 



Ser Val Lys Leu Thr Cys Thr Leu Ser 
20 25 

He Glu Trp Tyr Gin Gin Gin Pro Glu 
35 40 

Asp Leu Lys Gin Asp Gly Ser His Ser 
50 55 

Arg Phe Ser Gly Ser Ser Ser Gly Ala 
65 70 

Ser Leu Gin Ser Glu Asp Glu Ala Asp 
85 

Thr He Lys Glu Gin Phe Val Tyr Val 
100 105 

Thr Val Leu Gly Gin Pro 
115 



n of Artificial Sequence: synthetic 

Ala Ser Ala Ser Leu Gly Ala 
10 15 

Thr Tyr Thr 

.y Pro Arg Tyr Val Met 
45 

.y Asp Gly He Pro Asp 



Lys Gly 



Thr Gly 



;lu p. 



60 



3 Tyr 



He 



s Cys Gly Val Gly Asp 
95 

31y Gly Gly Thr Lys Leu 



What is claimed is: 

1. An isolated polypeptide comprising an L chain V region 
of a humanized antibody comprising an amino acid 
sequence chosen from SEQ ID NOs: 48-51. 

2. An isolated polypeptide comprising an L chain V region 



of 



[tibody comprising ai 
sequence chosen from SEQ ID NOs: 52-55. 

3. An isolated polypeptide comprising an H chain V 
region of a humanized antibody comprising an amino acid 
sequence as shown in SEQ ID NO: 56. 

4. An isolated L chain of a humanized antibody which 65 
binds to a human parathyroid hormone related protein, 
comprising a polypeptide comprising an L chain C region of 



a human antibody and a polypeptide comprising an L chain 

V region according to claim 1 or 2. 

5. An isolated H chain of a humanized antibody which 
binds to a human parathyroid hormone related protein, 
comprising a poljfpeptide comprising an H chain C region of 
a human antibody and a polypeptide comprising an H chain 

V region according to claim 3. 

6. An isolated humanized antibody comprising an L chain 
of a humanized antibody according to claim 4 and an H 
chain of a humanized antibody according to claim 5, 
wherein the humanized antibody binds to a human parathy- 
roid hormone related protein. 

7. An agent for suppressing hypercalcemia comprising the 
humanized antibody of claim 6 as an effective ingredient. 
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8. An agent for suppressing hypercalcemia associated 
with malignant tumor, comprising the humanized antibody 
of claim 6 as an effective ingredient. 

9. The agent for suppressing hypercalcemia according to 
claim 8, wherein the malignant tumor is at least one chosen 5 
from cancer of the pancreas, lung cancer, cancer of the 
pharynx, cancer of the larynx, cancer of the tongue, cancer 
of the gingiva, cancer of the esophagus, cancer of the 
stomach, cancer of the biliary duct, cancer of the breast, 
cancer of the kidney, cancer of the urinary bladder, cancer of lo 
the uterus and prostate cancer, and malignant lymphoma. 

10. An agent for improving hypophosphatemia 
comprising, as an active ingredient, a substance capable of 



,194 Bl 

142 

inhibiting the binding between parathyroid hormone related 
protein (PTHrP) and a receptor thereof, 

wherein the substance is the humanized antibody of claim 
6. 

11. A method of inhibiting the binding between PTHrP 
and a receptor thereof, comprising: 
combining the humanized antibody of claim 6 with the 
PTHrP; 

allowing said humanized antibody to bind to PTHrP; and 
inhibiting the binding of PTHrP to a PTHrP receptor. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re Patent Application of 



Fon USE OF PTHRP ANTAGONISTS FOR TREATING RENAL 
CELL CARCINOMA 



Commissioner for Patents 
P C Box 1450 
Alexandria, VA 22313-1450 



I, Thierry MASSFELDER, do hereby dedar© and say as foilows; 

1, 1 am aware of the above-identified application, and am fully informed of the 
Invention claimed therein. I am Inventor of the subject matter claimed in the above. 

3. I am cunently a Researcher (tenure) in INSERM (French Institute of Health 
and Medical Research), Team leader "search of new therapeutic and pronostic options 
for human kidney cancer, Renal Phannacology and Physiopathology Laboratory 
INSERM Unit 727, Universiti Louis Pastsur, 11, rue Humann, Bit 4, 1er Stage, 67085 
Strasbourg eedex. I hold an Extensive Research Degree ("D.E.A" In French) in 
Pharmacology and Phannacochemisliy, Molecular and Cellular Pharmaoology option, 
from Louis Pasteur University (ULP), Strasbourg, FRANCE, earned in 1991; obtainad 
with distincHon (mention "bien"), allowing entry into the ranl^ings forfinancial support by 
the French Government (Allocation de Recherche du MENRT), I further hold a PhD in 
Molecular and Cellular Pharmacology, ULP. Strasbourg, FRANCE, earned in 1994; 



MASSFELDERetaL 
Serial NO. 10/620,085 

Filed: January S, 200S 



Atty. Ref.: 3065-133 
Group: 1643 
Exarnrrrer Gussow 



Sir 
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obtained with the highest possible distinction (mention "tr&s honorable avec 
fillcltatlons"), sparingly attributed by the ULP of Strasbourg. I earned a University 
Diploma: "Scientific manager in animal experimentation•^ in 2001, ULP (mention "assez 
Wen"). 

4. I believe the above-identified application demonstrates, such as in Figures 4, 

6 and 8, that an anthPTHrP antibody dirsdsd against the Intermediate or C4erm!nal 
regions of PTHrP. in particular anti-PTHrP (34-53) antibody and antl-PTHrP (107-139) 
antibody, decrease the proliferation of tumor cells. 

6. To further demonstrate this effect I have produced, or had produced under 
my direction and control, two further distinct monoclonal anti-PTHrP (34-53) antibodies, 
called PTH1 H413 and PTH2 Ell 31 which demonstrated the Important In vivo anti- 
tumoral effect of these antibodies. The following figure Is a graph showing the 
percentage of tumoral volume In comparison with the volume of day 1 (day 1 is 100%) 
for two contnsls (PBS or non relevant antibody (AC cH) of the same antibody isotype 
than PTH1 and2 and directed against Stra8, a protein expressed In male gonades and 
testis) (two upper curves) and the two anthPTHrP (34-53) antibodies (two lower curves) 
administrated at 40 iigmoe each day. Mice weight 1$ from 30-34 g. The tumoral volume 
has been measured every 3 and 4 days. Accordingly, measures 1 and 2 correspond to 
the Tuesday and the Friday of the first week, respectively and measures 3 and 4 
con-espond to the Tuesday and the Friday of the second week, and so on. AcconSingly, 
the experiment lasts about 5 weeks. Antitumoral activity of these two antibodies has 
also been demonstrated in vitro on human renal cancer cells 786-0 and Caki-1. 



-2 



1308312 



14/02/2008 13:44 0390243459 



INSERM UNITE 727 



PAGE 03/04 



APPEAL BRIEF Serial No. 1 0/520,085 Evidence Appendix (I) - Page 3 of 4 



MASSFELDER ei al. 
10/620,085 



ECiiile 78I»-D Ac PTHI PTBB 
(volume exprixne en % p/r Jl) 




6. The following describes the Tumor Model used in the Investigation reported 
al)ove. Seven^ek-old male Swiss nu/hu nude mice (Iffe-Credo, St. Gemiain sur 
I'Amresle, France) were given sc injections of 10 millions 786-0 ceils Into the skin of 
the back. Mice weight Is from 30-34 g. Tumor size was measured using calipers. Two 
weeks after Injection, mice bearing tumors were separated each in four groups (6-8 
mioe each), mom bearing tumors were injected i.p. dally with 40 fjg of one of the two 
distinct monoclonal antl-PTHrP(34-53) antibodies (called PTH1 H413 and PTH2 
E1131), with PBS or with the rwn relevant antibody . Tumor size was measured using 
calipers every 3-4 days. P<0.05 PTH1 an 2 vs. Ac Ctl and PBS. 
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7. I believe the above results further demonstrate the utility of administrating an 
antl-PTHrP antibody directed against an Intamiediate region of PTHrP to treat kidney 
cancer. 

I hereby declare that all statements made herein of my ovwn knowledge are true 
and that all statements made on Information and belief am believed to be twe; and 
further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, unde 
Section 1001 of Title 18 of the United States Code and that such willful false 
statements may Jeopardize the validity of the application or any patent issued thereon. 



Signed this //^^ day of SAiC^d^t£^^ 
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in view of Martin^ or 
considered with VVelier" 
in discloses a rnetalizing paint 

lie" metals, Le, silver, gokL the 
metals and mixtures thereof." 
Rao discloses an enamel 
Dosition containing- (1) silver, 
in the ionic state, (2) finely di- 
of platinum, palladium m 
ixtures thereof and (3) finely 
IS of other noble nsetals, such as 
WcUer relates to a method for 
inal leads in composite electri- 
se and states that migration of 
erial on the ceramic body may 
V alloying, coating, or platrng 
the lead with a material which 
migration." Finally, Short dis- 
y problem of silver migration 
conductors or electrodes printed 
elements which is of concern 
;s that problem "by interposing 
: between silver conductors of 
ity a barrier composed of a pre- 
)ni the group consisting of gold, 
Dalladium." 

was' on solid ground when it 
t the claims were unpatentable 

■rt states that a surface coating of 
rt'ill inhibit migration of silver 
in a moist, atmosphere. Weller 
;ver migration can be avoided by 
)ating or plating the surface of 
with a material' which inhibits 
ition, i.e., the inhibitor may be a 
tting or it may be distributed 

the body of the silver. In our 
is then obvious to workers of or- 
t in this art to alloy or mix Pt 

with a silver conductor, for the 
■ inhibiting migration of silver, 
tion of optimum proportions of 
netals is a routine matter, based 
costs of the metals and degree of 
:lesired. 

iew, the nuances between the 
ect matter and the prior art are 
Lppellant's compositions would 
jeen obvioas to the person of or- 
in the art. The decision is there- 
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Court of Customs and Patent Appeals 

In re Smith 
No. 85 90 Decided May 1 8 , 1 972 

PATENTS 

1. Board of Appeals — Procedure and 
practice (§19,45) 

Pleading and practice in Patent Of- 
fice — Rejections (§54.7) 

Board is empowered under Patent Office 
Rule 196(b) to make new rejections; while 
Board should have labelled its rejection on 
reconsideration a new one, applicant did not 
seek to avail himself of rights accorded under 
Rule nor does he indicate any desire to fiir- 
ther argue the rejection before Patent Office 
or to introduce additional evidence; accord- 
ingly, rejection is treated as before court on 
appeal. 



2 Specification - «iurf (i 
sure (s62.7i 

Rule that disclosure oi a i 
cies of a subgenus is a sulfi 
of the subger as noi i 

cisely how close tt e ilc ct )ti 
comply with sec ion 1 'mi 
by-case developr^cnt i ( ii 
subgenus is ne( ess 1 1 ^ ' 
scribed by .. ~ 



f of disclo- 



i upon 
It In re Ris^ 



1 l> 



112, it is overruled. 

3. Claims — Broad or narrow — In 
general (§20.201) 

There is nothing inherently wrong with a 
particular principle of patentability which 
under certain circumstances operates to de- 
feat patentability of a narrow, but not a 
broader, claim, and, ordinarily, fact that 
under such a principle a broader claim 
would pass muster is no basis lor adjusting 
principle to render narrower claim patenta- 
ble. 

Particular patents — Paint 

Smith, Glossy Emulsion Coating Composi- 
tions Containing Surface Treated Pigments of 
Oiiophilic Nature and Method, claims 1, 2, 12 
to 18, 20, and 21 of application refused. 



Application for patent of Richard G. Smith, 
S«-ial No. 430,468, filed Feb, 4, 1965; Patent 
Office Group 140. From decision rejecting, 
claims 1, 2, 12 to 18, 20, and 21, applicant 
appeals- Affirmed. 

Herbert B, Keil, Richard. L. Johnston, 
and Johnston, Root, O'Keeffe, Keel, 
Thompson & Shurtleff, ail of Chicago, 
111., for appellant, 

S. Wm. Cochran (Fred E, McKelvey of 
counsel) for Commissioner of Patents, 

Before Rich, Almond, Baldwin, and Lane, 
Associate judges, and Rao, Judge, United 
States Customs Court, sitting by designa- 



Lane, Judge. 

This appeal is from the decision of the 
Board of Appeals sustaining the examiner's 
rejection of claims 1, 2, 12-18, 20 and 21 of 
appellant's application, Serial No, 430,468, 
filed February 4. 1965. for "Glossy Emulsion 
Coating (Jompositions Containing Surface 
Treated Pigments of Oiiophilic Nature and 
Method." This application is asserted to be a 
continuation of an application filed in 1956,' 
which was a continuation-in-pari of a 1951 
-'pphcdtion,^ which m lui i was a iominii,i- 
11 m-m-part of Serial Nc ""4 897, filed Sep- 
tember 18, 1947 We affirm the board's deci- 

The Invention 

The invention is directed to the compound- 
ing of a glossy water base emulsion paint. In 
his brief' before this court, appellant distin- 
guishes between single phase, oil oase paints 
and dual phase, water base emulsion paints 
wherein there is a continuous phase of water 
in which globules of oi! are suspended. By 
"oil" is meant "those natural and synthetic 
fluid organic water insoluble compounds 
commonly used as a whole or part of the ve- 
hicle or binder in coating compositions," 
Whereas oil base paints are said to be natu- 
rally glossy, water base emulsion paints tend 
to be '"fiat." Various advantages are claimed 
for water base paints, and the object of this 
invention was to produce a glossy water base 
emulsion paint. 

Appellant postulates that the reason tor 
flatness in a water base paint is "the tact that 
it contains two phases, the water phase pref- 
erentially wetting some of the pigment so that 
some pigment is contained in the volatile water 
phase." The concept underlying the present 
invention was the appreciation that "if the 
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pigment used in these paints could be surface 
coated in such a way that it would be wholly 
wetted by ihe oil phase and not be permitted to 
migrate into the water phase," the problem 
would be solved. 

The clainis reflect this approach. Claims i 
and 2 are drawn to an emulsion coating com- 
position having a continuous water phase and 
a discorstinuous oil phase dispersed therein. 
The pigment is dispersed in the discontinuous 
oil phase and is maintained in that phase as a 
result of a surface coating of an organic com- 
pound which renders the pigment "oilophil- 
ic," i.e., having an affinity for oil, and partic- 
ularly, having a preferentiai affinity for oil as 
compared to water. The organic compounds 
with which the pigment may be coated are 
deiscribed in the specification as follows: 

[They] are monomeric organic compounds 
characterized by at least one non-polar or- 
ganic hydrophobic group containing at least 
eight carbon atoms in a hydrocarbon struc- 
tui e which in the form of its monocarboxyl- 
ic acid is soluble in oleoresinoua varnishes 
and insoluble in water, and at least one po- 
lar group preferably selected from the class 
consistii^ of carboxylic acids, salts of said 
carboxylic acids, esters of said carboxylic 
acids and cationic ammonium and amine 
surface active groups containing an ioniz- 
ab!e negative radical of a water soluble acid. 
Such polar groups are efTective in catising 
said organic compounds to adhere to the 
pigment surface, especially where the latter 
are hydrophilic. 

Claim 1, subdivided for convenience, reads 
as follows: 



. An e 



a!lv 



mposit 



oils phase a pigment which is surface coated 
with dP. organic conspound efTective to 
render said pigment oiiophilic, 

said organic compound being a niono- 
mcric organic compound characterized by 
at least one non-polar organic hy- 
drophobic group containing at least 8 
carbon atoms in a hydrocarbon struc- 
ture, which group in the form of its 
monocarboxylic acid is soluble in 
oleoresinous varnishes and insoluble in 

and at least one polar group, 
said organic compound adhering to 
said pigment surface when said coated 
pigment is emulsified, 
said coating having been applied to said 
pigment prior to emtdsification thereof and 



prior to dispersion of said pigntsent in said 
oil phase, 

and said discontinuous pigmented phase 
being capable of forming a continuous solid 
glossy film when dried. 
Claim 2 further defines the organic compound 
by the general formula: 
0 



// 

R(C-OX)n 
•here R is an organic radical containing 
) 36 carbon atoms in a hydrocarbon 
5 an inorganic cation, and n is 
a whole number from 1 to 2 * * *. 
.A. series of composition claims more limited 
with respect to the pigment and the or^nic 
compound with which it is coated were al- 
lowed by the examiner. 

The process of making the composition is 
also claimed. Claim 12, which is representa- 
tive of the process claims on appeal, reads in 
pertinent part as follows: 

12. A process of preparing emulsion 
coating compositions comprising essentially 
a continuous aqueous phase and a discon- 
tinuous water insoluble oil phase containing 
a pigment dispersed in said discontinuous 
phase which comprises surface coating a 
pigment with an organic compound efTective 
to render said pigment oiiophilic and adding 
water to said pigment, thereafter adding an 
oil phase and emulsifying said surface 
coated pigment to form a water-in-oil, 
pigment-in-oil emulsion and converting said 
water-in-oil, pigment-in-oii emulsion to a 
pigment-in-oil, oil-in-water emulsion * * *. 
The remaining process claims, 13-18, 20 and 
21, define the method in varying degrees of 
specificity. Several process claims' limited to a 
specific pigment and organic compound were 
allowed. 

The References 

Baldwin^ discloses modifying the surface 
energy characteristics of a pigment bv "caus- 
ing precipitated suspensions of water repellant 
metallic organic compounds to become ad- 
herent upon the surface of the pigment in the 
form of a thin film covering each pigment 
particle," Among the coating compounds dis- 
closed are those used by appellant. The pat- 
entee was primarily concerned with improving 
pigments for use in a variety of systems, but 
specific advantages of pigments made by the 
disclosed method are stated to be "smoother 
and glossier paints * * *." 

lliflF et al. (IliflT),^ a patent issued on May 4, 
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R is an organic radical containing 
carbon atoms in a hydrocarbon 
X is an inorganic cation, and n is 
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r composition claims more limited 
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with which it is coated were a!- 



cess of making the composition i.s 
;d. Claim 12, which is representa- 
process claims on appeal, reads in 
art as follows: 

I process of preparing emulsion 
xirapositions comprising essentially 
uous aqueous phase and a discon- 
water insoluble oil phase 
nE dispersed in said dis( 
'hich comprises surface coating a 
with an organic compound eflTective 
: said pigment oilophiUc and adding 
said pigment, thereafter adding an 
se and emulsifying said surface 
pigment to form a water-in-oil, 
-in-oi! emulsion and converting said 
.-oil, pigment-in-oil emulsion to a 
-in-oil, oii-in-water emulsion * * *. 
ning process claims, 13-18, 20 and 
the method in varying degrees of 
Several process claims limited to a 
;menE and organic compound were 

The References 
, ^ discloses modifying the surface 
racteristics of a pigment by "caus- 
tated suspensions of water repellant 
rganic compounds to become ad- 
m the surface of the pigment in the 
thin film covering each pigment 
^mong the coating compounds dis- 
those used by appellant. The pat- 
jrimarily concerned with improving 
br use in a variety of systems, but 
vantages of pigments made by the 
nethod are stated to be "smoother 
r paints * * *." 

1. (Ilifl),'' a patent issued on May 4, 
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1948, on an application filed April 11, 1944, 
involves aqueous emulsion coating composi- 
tions. Patentees state: 

[DJifficulties are encountered in produc- 
ing materials which produce glossy films or 
coatings and which possess satisfactory 
stability in this respect. The difficulty ap- 
pears to be due to a tendency for the white 
pigment {titanium dioxide) to migrate froiD 
the oi! phase into the external aqueous 
phase of the emulsion resulting in instabili- 
ty with respect to producing glossy films or 



board dismissed these as 
solicitor agrees that they 
and we do not consider theii 



This invention therefore presents as the 
principal object means for producing stable 
white or tinted emuLsion coating composi- 
tions which will produce giossy films. 

These objects are accomplished in the 
present invention by incorporating, as the 
principal pigment in the composition, ti- 
tanium dioxide which has been treated (as 
hereinafter described) to impart to it or- 
ganophylic properties with respect to its 
action in the aqueous resin emulsion ve- 
hicle. 

UifT et al. refer to various methods of treating 
the pigments already in the prior art as of the 
time their application was filed which essen- 
tially involve coating the pigments with inor- 
ganic compounds, but also disclose that "other 
treatments which may impart organophilic 
properties to titanium pigments are not to be 
precluded from the present invention." 

CasseP relates to improvements in the 
dyeing of textile fabrics with pigments where- 
in the problem of pigment adherence to such 
fabrics is solved by the addition of controlled 
quantities of a "pigmented lacquer-in-water 
emulsion" to the fabrics. In example 3 of the 
Cassel patent the emulsion is prepared by 
forming an aqueous "pulp" of blue pigment, 
adding it to an alkyd resin-in-oil solution to 
give a water-in-lacquer emulsion, and invert- 
ing the emulsion by pouring it into an aque- 
ous solution of sodium lauryl sulfate to give a 
lacquer-in-water emulsion. The solicitor 
summarizes this process as comprising the 
sequence of mixing an untreated pigment with 
water, adding oil to give a water-in-oil emul- 
sion, and adding water and croulsifier to con- 
vert the water-in-oil emulsion to an oil-in- 

The examiner additionally relied upon 
patents to Berry ' and Machlin,' but the 

5 Patent No. 2,343,642 issued February 29, 1 944. 



teachings. 



In 



The Grounds of Rejection 

s original decision, the board treated 



the method claims as standing or falling with 
the composition claims and held all of the 
claims on appeal to be unpatentable under 35 
U.S.G. !03 over IlifT in view of Baldwin. 
Appellant requested reconsideration urging 
that the claimed method was patentably dis- 
tinct from the composition and should be 
treated separately. The board did reconsider 
its position and concluded that "except for the 
specific pigment-coating step," Cassel, a ref- 
erence previously applied by the examiner but 
dropped in the examiner's answer, "shows the 
manipulative steps of claim 12." A fair read- 
ing of the board's decision on reconsideration 
indicates that it was of the view that the sub- 
stitution of the claimed coated pigment, be- 
lieved to have been suggested by IliflT and 
Baldwin, for the untreated pigment used in the 
Casse! process would have been obvious to one 
of ordinary skill in the art. 

[ 1 ] Appellant asserts that inasmuch as the 
examiner dropped Cassel, it is not before us, 
The difficulty with appellant's position is that 
the board is empowered under Patent Office 
Rule 196(b) to make new rejections, and we 
think it clearly did make a new rejection of the 
process claims a.s unpatentable under 35 
U.S.C. 103 over Cassel in view of Iliff and 
Baldwin. While the board should have la- 
belled its rejection on reconsideration a new 
one, appellant did not sock to avail himself of 
the rights accorded under Rule i')6(b), nor 
does he now indicate any desire to further ar- 
gue the rejection before the Patent Office or to 
introduce additional evidence. Wc accordingly 
treat Cassel, and the rejection in which it is 
relied upon, as before us, See In re Hyson, 59 

CCPA , '453 F.2t! 764, 766. 172 USPQ 

399, 401 (1972); In. re Cavrich, 59 CCPA 

451 F.2d 1091, 1093, 172 USPQ 121, 

122 (1971), Giving due consideration to the 
time and effort which has already been ex- 
pended by the parties and this court to this 
point in the appeal, we do not feel that justice 
would be served by a remand which would in 
all probability fail to significantly aid anyone. 

Opinion 

To reiterate, we have two rejections before 
us in this appeal. The first is the rejection of 
composition claims 1 and 2 under 35 U.S.C. 
103 as obvious from IlifF in view of Baldwin. 
The other is the rejection of method claims 1 2- 
1S '>f\ and 71 nndfr 3'i U.S.C. 103 as obvious 
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A threshold i,-^.,.. , mcTtun.j, 

IS the availabilnv of llifl' a referenre The 
Ilsfi patent was ss^ued on \Iav 4 1Q4K tn 
application filed Apnl M. 1944 \^ r.r.ted 
above, appellant alleges that the apf)Hf?tion 
on sppeal is m a chain ot , .nt t umif ipphta- 
tions, the earliest ot which was filed on Sep- 
tember 18, 1947. iollowed hv .me filed on 
June 9, 1951. Durmg the course of prosecu- 
tion ol his prior applications, ap;>ellant sub- 
mitted affidavits under Rule 1.31 purporhne; 
to prove conception and rednrtioti lo prnr'iee 
of the claimed rnvention prior to the effcxtive 
date of Ilill 

The exattiiner attacked the sufhciencv of the 
affidavits and also held that the 1947 applica- 
tion failed to support the presently claimed 
invention therd)y depnvmi; appellant of the 
right to rely upon .its hlins-i elate Si nee [iiff i';- 
sued more than one year pnor to the filing 
date of the 1951 application the examiner 
concluded that UifT v/as statutory bar and 
could not be overcome by a Rule 151 show- 
ing." The board agreed that IlifJ is a statutorv 
bar and did not, therefore, give much con- 
sideration to the substance of the affidavit 
evidence. Concerning the 1947 application 
the board stated - 

We find no mention ui that application 
of the requirement th.i- the ro-ifip,!,' com- 
pound 



- -arbon atoms 
and that more 
contemplated. ;i 
claim 1. With i 
no disclosure ir 
n of tl 



I 1!' 



or the specific presence ol ' (■--i''*jovv|-i'r 
groups in the coaiine tomtioiind VVh'lc "he 
questioned hrnitatmns arc cnnsi^tcni w'Mi 
the broader aspects ot the p r-ent f'isc'o 
sure, thev omld not he ,/.ec -.a, ilaimed 
in the parent application. [Emphasis in 
ongina!.] 

Appellant a,sserts that the 1 94"? aoplication 
contains a, disclosure o( omanir -coatini? com- 
pounds which IS generic to the compounds 
which appear i n the present claims as well as a 
liiM losui t ol species upon which the subgenus 
ol organic compounds now ciaimed reads. 
I his, he argues, is sufficient for a supporting 
p^iien. disclosure relying upon In re Risse, 

- Rult t.3l provides that a patent will not bar the- 



54 USPQ 1 
S portion oi 



1 applic; 



IS proved 



that the invention sought to be patented Was tom- 
jileted prior !» the reference patent liliiK; date "ttn- 
less the date of auch patent * * * be more than one 
year pnor to the date on which the appiication was 
filed in this countr>'." See 35 U.S C 1 02 (b) 



S4 CCP \ 1 195 F 2d 048, 1 
(1 967). He points out the followir 
the 1947 specification: 

Ihe tteatment of pigments with polar 
agents is not new per se and can be accom- 
phshed by several methods emplovint; a 
variety of effective compounds. In general 
these methods involve surface coating the 
pigment with an oil soiubie polar organic 
compound. Among the polar organic com- 
pounds are acidic resms, water soluble 
resinates, water insoluble metallic resi- 
natcs, long chain fattv acids, thejr sahs 
and soaps, benzene carboxvlic acid and its 
salts, naphthcmc acids and their soaps and 

?J>'.n/'"r" f^'" ^''""'^ 
amine salts and quaternary ammonium 
compounds containing at least 12 carbon 
atoms in an alkyi group or groups, e.e., 
Iduryl pyndiniiim bromide, and long chain 
(at least 12 carbon atoms) fattv acid-con- 
laimng organic Werner complexes 
Comparing this disclosure to the compounds 
tecued in the claims on appeal, appellant con- 
It IS obvious that .the surface coatini5 or- 
ganic compounds recited in the forea;oi'nr 
paragraph are monomeric, have a hydro- 
carbon structure of at least 8 carbon atoms 
except for benzene carboxylic acid which 
contains six carbon atoms in a hydrocarbon 
group, and contain at least one carboxy or 
cai boxylate group. If appellant's claims had 
been drawn more broadly, they would be 
supported by the parent application. They 
can be described as subgenenc claims be- 
cause they delineate the invention more 
specifically by reciting that the organic ma- 
terial used to coat the pigment is monomer- 
ic, contains at least 8 carbon atoms and at 
least one carboxy or carboxylate group 
The principal question involved is whether 
or not appellant is entitled under 35 U.S C. 
120 to the beiiefit of the filing date of his 1 947 
application for the subject 'matter presently 
claimed.'' To comply v/ith 5 120, the prior 
application must satisfy "the disclosure re- 
quirements ol the first . paragrai)h of . .S112 
-Wit h respect to the subject matter now 
■'We note that the 1947 application. was aban- 
doned in 1951, prior io the January 1, 1.953 effec- 
tive date of title 35, United States Code. See Act nf 
July 19, 1952, ch. 950, § 4, 66 Stat. 815, reproduced 
at 35 U.S.C. at 71. The solicitor nevertheless asserfi 
that 35 I Sf UOijo^ern, andueai^ree Thel'JM 
application was pendm,^ m 1953, and according tn 
the Act ol.July 19^2, t( 4, title 35 applied to pending 
applications. Thus, appellant can rely on 35 U.S-C 
120 for the effective date of his next precedini; 1 947 
application if the requirements of S 120 are other- 
wise satisfied. 
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.1495, 378 F.2d 948, 154 USPQ 1 
e points out the following portion of 
pecification: 

treatment of pigments with polar 
s not new per se and can be accom- 
by several methods employing a 
of effective compounds. In general 
lethods involve surface coating the 
' with an oil soluble polar organic 
nd. Among the polar organic corn- 
are acidic resins, water soluble 
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n an alkyi group or groups, e.g., 
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12 carbon atoms) fatty acid-con- 
irganic Werner complexes. 
! this disclosure to the compounds 
he claims on appeal, appellant con- 
fa vious that the surface coating or- 
mpounds recited in the foregoing 
)h are monomeric, have a hydro- 
:ructure of at least 8 carbon atohis., 
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six carbon atoms in a hydrocarbon 
nd contain at least one carboxy or 
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wn more broadly, they would be 
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ey delineate the invention more 
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cipal question involved is whether 
lUant is entitled' under 35 U.S.C. 
eriefit of the filing date of his 1947 
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'o comply with § 120, the prior 
must satisfy "the disclosure re- 
of the first paragraph of § 112 
■espect to the subject matter raoti> 
:h3t ihe 1947 application was aban- 
, prior to the January .1 , 1 95.1, effec- 
le 35, Uniieci States Code. See Act of 
ch. 950,.§ 4, 66 Stat.815, reproduced 
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120 governs, and we agree. The 1951 
is pending in 1953, and according to 
10^7 HA title 35 appiied to pending 



173 USPQ 



Inn 



1.V.1.VI; unic ui (US next preening 1947 
ihe requirements of § 120 are other- 



ciasmed." Martin v. Johnson, 59 CCPA , 

454 F.2d 746, 172 USPQ 391 {1972); In re 
Brower, 58 CCPA 724, 433 F.2d 813, 167 
USPQ 684 (1970). The examiner's and 
board's refusal to accord appellant the benefit 
of the filing date of his 1947 application was 
premised on their finding that the invention 
now claimed was not "disclosed" in, or 
"supported" by, the 1947 disclosure. Trans- 
lated in terms of a first paragraph, § 112, 
requirenaent, it is evident that the Patent Of- 
fice holding was that there was no description 
of the invention now claimed in the earlier 
specification. See Martin v. Johnson, supra; 
In re Lukach, 58 CCPA 1233, 442 F.2d 967, 
169 USPQ 795 (1971). 

In re Risse, supra, relied upon by appellant, 
involved, inter alia, the question of "support" 
for a claimed subgenus in the disclosure of a 
parent application. The court did not speak in 
terms of the description requirement of § 112, 
and it is since Risse that this court has focused 
on the express language of the statute. l"he 
recent cases suggest a more stringent re- 
quirement for a description of the claimed in- 
vention than may have been previously ap- 
plied in cases wherein the issue was framed in 
terms of "support" for claimed subject matter, 
Compare Martin v. Johnson, supra; Fields v. 
Conover, 58 CCPA 1366, 443 F.2d 1386, 170 
USPQ 276 (1971); In re Lukach, supra; In re 
DiLeone, 58 CCPA 934, 436 F.2d 1033, 168 
USPQ 598 (1971); In re DiLeone and Lucas, 
58 CCPA 925, 436 F.2d 1404, 168 USPQ 592 
(1971); In re Ahlbrecht, 58 CCPA 848, 435 
F.2d 908; 16'8 USPQ 293 (1971); with Risse, 
supra; In re Grimme, 47 CCPA 785, 274 F.2d 
949, 124 USPQ 499 (1960), Doubt as to the 
continuing vjtality of Risse in light of the sub- 
sequent "description requirement" casts has 
already been cast in Lukach and Fields v, 
Conover, 

In distinguishing In re Fried, 50 CCPA 
954, 312 F.2d 930, 136 USPO 429 (1963), 
and Watson v. Bers worth, 251 F.2d 898, 116 
USPQ 79 (D.C. Cir. 1958), this court in Risse ■ 
said:, ' 

.The critical distinction is that in the 
Fried and Watson v. Bersworth cases, each 
of the applicants was attempting to claim a 
subgenus not specifically disclosed as such 
, in, the parent case, which contained only 
generic disclosure but no description of a 
single, species within the, scope of the later 
claimed subgenus. It is difficult to arrive at 
such a subgenus by a purely deductive ap- 
proach, selecting appropriate variables from 
the generic disclosure.. On the other hand, 



directions, i.e., by an inductive approach 
from a specifically disclosed species within 
the subgenus, as well as the deductive ap- 
proach from the generic disclosure. The 
latter situation is represented by the facts of 
this case as well as Grimme. In both cases 
the subgeiseric claims of the cotitinuation- 
in-part applications (1) are completely 
within the scope of the parent case generic 
disclosure and (2) read on at least one spe- 
cies disclosed in a working exampie of the 
parent application."' 

[ 2 I From this passage emerges the rule re- 
lied upon by appellant to the effect that the 
disclosure of a genus and a species of a 
subgenus is a sufficient description of the 
subgenus. We do not now feel that svtch a rule 
is consonant with either the l«ter or spirit of 
the description requirement <rf § 1 1 2. 

Precisely how close the description must 
come to comply with § 112 must be left to 
case-by-case development. However, the rule 
' extracted from Risse is much too broad. 
Whatever may be the viability of an inductive- 
deductive approach to arriving at a claimed 
subgenus, it cannot be said that such a 
subgenus is necessarily always implicitly de- 
scribed by a genus encompassing it and a spe- 
cies upon which it reads. Unfortunately, Risse 
has been interpreted as so saying, and to put 
the proposition to rest, we overrule Risse to 
the extent that it provides the aforementioned 
"rule" for the satisfaction of the description 
requirement of the first paragraph of § 1 1 2. 

[3 [Appellant apparently perceives an 
anomaly resulting from the failure to follow 
Risse when he contends that had he simply 
drawn his claims more broadly, he would have 
satisfied the requirements of § 112. However, 
even assuming that broader claims would have 
descriptive support, it does not follow that 
such claims would be otherwi.sc' patentable. 
Section 112 itself imposes several conditions 
on the disclosure and claims, and the per- 
tinence of the three prerequisites to patent- 
ability of a given claimed invention— utility, 
novelty and nonobviousness — may well de- 
pend upon its breadth. We see nothing inher- 
ently wrong with a particular principle of 
patentability which under certain circum- 
stances operates to defeat the patentability of a' 
narrow, but not a broader, claim, and, ordi- 
narily, the mere fact that under such a princi- 
ple a broader claim would pass muster is not a 

fi patentable." We will n 



54 CCPA at 1 500, 378 ¥.2<i at 952, 154 USPQ 
'' But see In re Stryker, 58 CCPA 797, 435 F.2d 
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tempt to anticipate the patentability of claims 
different in scope from those on appeal as a 
step aittecedent to deciding a particular issue 
as applied to the partictdar claims before us. 

Without the Risse doctrine, appellant has 
no basis on which the disclosure in the 1947 
application may be treated as a description of 
ihe subject matter now claimed. The situation 
resembles that in Ahlbrecht wherein the 
subgenus sought to be patented was actually 
an extension of the only subgenus specifically 
described in the prior application. In 
Ahlbrecht, we held that the parent disclosure 
of fluorinated esters having "m" number of 
CH2 groups, wherein "m" was disclosed as 
an integer from 3 to 12, was not a legally suf- 
ficient description of subsequently claimed es- 
ters wherein "m" was an integer from 2to 12. 
Hence, even accepting the thrust of appellant's 
contention to the eflfect that the subgenus of 
pminenl coating compounds now claimed en- 
compasses compounds that were di.scloscd in 
the 194/ application, we nevertheless lind 
ourselves m agreement with the board and the 
solicitor that the claimed subgenus ol coating 
compounds with at least 8 carbon atoms was 
not adequateiv described m the earlier appli- 
cation which disclosed compounds with at 

.^iiucilic I'M application does not describe 
iiir ciaiinco suDiect matter in the contempla- 
11(111 cn s 1 1,^, [irsl paragraph, appellant is not 
eninlcd to the 5 120 benefit of the filing date of 
that earlier application. Accordingly. Iliff 
.stands as a § K;2 (b) statutory bar available 
for consideration along with other prior art m 
the determination of obviousness under 35 
U.S.C. t03, and appellant may not, by Rule 
131 affidavit. ^' 



11. 



.orsccirur ^ th ( I h ,->r ,) mtv ^^v^Cls Ihff 
imoKcs«itu jisepiii. The is.ci ct of the 
argument would appear to be that the two 

dinarv skill m the art would not extract from 
Baldwin a teachma; applicable to water emul- 

The solicitor stresses that Iliff recognized 
the problem of low gloss value in emulsion 
paints, its source in the tendency of pigments 
to migrate from the oii to the water phase, and 
the conceptual solution of coating the pigment 
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prises applying an inorganic coating, and 
concludes that there is ample su^estion to 
employ the Baldwin coating which is taught to 
yield glossier paints. 

We agree with the conclusion of the board 
and the solicitor's reasoning. In Iliff, we find a 
recognition of the problem faced by appellant 
and its general solution. Iliff appreciated that 
treatments other than coating with an inor- 
ganic material would be suitable. Baldwin 
discloses such an alternative treatment, and we 
believe that given the direction provided in Il- 
iff, one of ordinary skill in the art would be led 
to employ Baldwin's coatings in lieu of IlifTs. 
As taught by both IlifT and Baldwin, the use of 
such coateti pigments would yield glossier 
paints, the result contemplated by appellant. 

We affirm the rejection of composition 
claims 1 and 2 under 35 U.S.C, 103. 

III. Obviousness of the Method 
The board regarded the sole difference be- 
tween Cassel and the presently claimed proc- 
ess to be the pigment-coatina; step. Having 
concluded that coating a pigment with the or- 
ganic compound claimed would have been 
obvious Irom liil! and Baldwin, the board 
considered the claimed method obvious, .Vp- 
pcllant argued before the board itiat ttic 
davit of Willis demonstratea thai ilic r estili.s ol 
the claimed process are supcrnir to those 
achieved by Cassel. Specificailv. aHiant com- 
pared the gloss of a coating of an emulsion 
prepared by the method descnbeil in example 
3 of the Cassel patent to that of a coating of an 
emulsion prepared by the ciaimea process and 
found the former to be much poorer. The 
board did not r^ard the Wilits afhdavit to be 
persuasive of nonobviousness saving: 

■Appellant refers to the Wilhs affidavit 
filed October 23. 1967. in which Example 3 
ol Cassel * * * was duplicated and allegedly 
did not produce appellant s result of a glos- 
sv coat. However, it appears from the affi- 
davit that the Cassel method did produce a 

osl-contuiuous emulsion prepared by flush- 
ing an aqueous pigment dispersion into an 
oil vehicle; i.e.. except for the specific pig- 
meni-coatmg step. Cassel shows the manip- 
ulative steps ot claim 12. 
Before this court, appellant notes that his 
specihcation states that •■[ilnitiallv to disperse 
a pigment m water that one desires to be dis- 
persed in oil is a novel concept which would 
not be done deliberately to bring a pigment 
into an oil phase," and urges that Cassel fails 
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coated pigment such, as Baldwin's would .use 
the Cassel method expecting that because of its 
increased affinity for oil and decreased affinity 
for water, the coated pigment would ultimate- 
ly end up in the oil phase. 

We think the Patent Office has made out a 
strong prima facie case of obviousness of the 
claimed method, it appears that in terms of a 
sequence of manipulative steps, Cassel dis- 
closes the method herein claimed. Although 
Cassel utilizes an untreated pigment, we agree 
that the substitution of the coated pigment 
taught by liiff and Baldwin therefor wcmld be 
prima facie obvious. 

The Wiliis affidavit does not provide a per- 
suasive rebuttal of the prima facie case. While 
appellant interprets the affidavit showing as 
proof that CassePs method fails to yield a 
glossy emulsion, the comparison would appear 
to turn on the difference in the pigments em- 
ployed. It is expected from the disclosures in 
Iliff and Baldwin that a coated pigment will 
produce a glossy emulsion whereas an un- 
treated pigment will not. In short, the proven 
distinction between the Cassel disclosure and 
the claimed method is (uilv the expected one. 



and a 



t pers 



. We accordingly affirm the rejection 
of claims 12 through 18, 20 and 21. 

The decision of the board sustaining the re- 
jection of all the claims here on appeal is <j/- ' 
firmed. 



Court of Custoinrs and Patent Appeals 

In re Brown and Saffer 
No. 8621 Decided May 18, 1972 

PATENTS 

1. Court of Customs and Patent Appeals 

— Briefs (§28.05) 

Court does not consider specific references 
cited in soltcitor's brief since these references 
were not relied on in rejection at bar. 

2. Claims — Article defined by process 

of manufecture (§20.15) 

Patentability — Subject matter for 
patent monopoly — Process, prod- 
uct and apparatus (§51.613) 

In order to be patentable, product must be 
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this latter type of claim, called a product-bv' 
process claim, does not inherently conflict 
with second paragraph of 35 U.S.C. 112; 
that method of claiming is acceptable so long 
as claims particularly point out and distinct- 
ly claim product or genus of products foi 
which protection is sought and satisfy othei 
requirements of statute; however, lack of 
physical description in product-by-process 
claim makes determination of patentability 
more difficult, since it is patentability of 
product claimed and not of recited process 
steps which must be established; therefore, 
when prior art discloses a product which 
reasonably appears to be identical with or 
only slightly different than product claimed 
in product -by-process claim, a rejection 
based on sections 102 or 103 is fair; Pateist 
Office is not equipped to manufacture prod- 
ucts by myriad of processes put before it and 
then obtain prior art products and make 
physical comparisons therewith. 

Particular patents — Catalyst 

Brown and Saffer, Ethylene Oxidation 
Catalyst, claims 7 to 14 of application al- 
lowed; claims 15 to 19 refused. 

Appeal from Board of Appeals of the Patent 
Office. 

Application for patent of David Brown and 
Alfred Saffer, Serial No, 612,731, filed Jan. 
30, 1967; Patent Office Group 113. From de- 
cision rejecting claims 7 to 19, applicants ap- 
peal. Affirmed as to claims 15 to 19; reversed 
as to claims 7 to 14, 

William C. Long and David Dick, both of 

New York, N. Y., for appellants. 
S. Wm. Cochran (Fred W. Sherung of 

counsel) for Commissioner of Patents. 
Before Rich, Almond, Baldwin, and Lane, 

Associate Judges, and Rao, Judge, United 

States Customs Court, sitting by dcsigna- 



Baldwin, Judge. 
I This appeal is from the decision of the Pat- 
! ent Office Board of Appeals affirming the 
examiner's rejection of claims 7-19 in appel- 
lant's application.' No claims have been al- 
lowed. 

The Invention 

The invention relates to catalysts for vapor 
phase partial oxidation of ethylene to ethylene 
oxide. Claims 7 and 1 5, the only independent 
claims in the case, read as follows: 



168 USPQ 

I, Almond, Baldwin, and 
ociate Judges, and Newman, 
litcd States Customs Court, 

:signation. 

udge. 

i! is from the decision of the 
Board of Appeals affirming the 
jeetion of claims 4-8 and 12-15' 
>.C, 103 as obvious in view of 

ion relates to a three-compo- 

'duct, perhaps best described as 
hot dog coated with a batter 
tufling comprises such coines- 
!S£, sauerkraut, peanut butter, 
i or semi-solid food material. 

the specification, a layer of 
-hartiburger or sausage meat, 
— completely surrounds the 
manner to contain and prevent 

portions of the inner stuffing 
iquid. After the outer surface of 
.eat layer is covered with a bat- 
the product is deep fat fried. 

A product comprising; 

ood component having a sub- 

['lindncai shape, 

d food component consisting 
of comminuted meat surround- 
■st component in a layer of sub- 
niform thickness, and 
nlially uniform coating derived 
ler and having a thickness of an 
Tiagnitude of one eighth inch 
g said second food component, 
i product HcuisJ sutKr.nUiaiiy in 
:)f s hot doa; and hnvin^ dimen- 

the dimeiiSioDs ol a (ml doe;. 



reversrble error m that determma- 



1,492,603 

1,591,94S Ju]v6, 1926 
1,700,191 Mar 20 [9:() 
2,822,571 Feb. 11,1958 
in patent 127,632 April 30, 

peeification 786,217 Nov. 13, 

closes a three-component food 
ble for deep fat frying compris- 
or sausage entirely surrounded 
oating, v/hich in turn is coated 
;r layer of precooked potatoes, 
loses a hollow frankfurter with 

in appli 



The view we take renders il 
to consider the other grounds of reje<:tion 
advanced below. The decision is affirmed. 



choice. For 
as unpatcnt- 



1 t 



with 



uKht 



.sultme; jjrodurt uiiti .i Dalin pmn i,. i.c-p 
fat fryins?, all as suggested by the itmammg 
references. 

The board, while preferring the rejection 
employing the Johnson, Jenkins and Austra- 
lian reierences. agreed with the examiner s 
other st;!ted grounds of reietlion, and af- 
firmed. 

Appellant's principal argument here is 
th^i' there is no tactual basts to suppoii an 
illegiiion thit johnson sut^gests uirro mdi s 
a stuffing component with tomminuttt, mci,. 
It cannot be gainsaid, of course, that .|..bi.s,,n 
does not explicitly disclose entirely sunoui.d- 
ing his stuffing component with comminuted 
meat but contents himself with entlosini^ 
merely the sides of the oylindncal tube ot 
stuffing, leaving the ends open. The exam- 
iner recognized as much, and turned to the 
Matson, Sawkins, jenkins or Australian ref- 
erences for evidence that those of ordinary 
skill in the art would as a matter of course 
mplctciv 
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PATENTS 

1- Interference — Reduction to practice 
— Construclive reduction (§41.733) 

Specifcatioii — Sufficiency of disclo- 
sure (§62.7) 

fiSC- 120 specifics only that previ- 
ously filed application must disclose mvtn- 
lion "in the manner provided by first para- 
graph of section 112"; there is no require- 
ment under seel ion 120 that invention 
claimed in subseqiient application must tor- 
respond to what was regarded as the inven- 
tion in earlier application. 

2 Specification — Sufficiency of disclo- 
sure (§62.7) 



Ahlbrc 
of apphc. 



^Such a matter ol common kiiowlcagc i= dbo 
well illustrated in the loUowing recipe uk<n tiom 
Woman's Day Collector's Cook Book, Fawcett 
Publications. Inc.. Greenwich, Connecticut, Copy- 
rigSit 1960. second Priiitmg.June 1963, page 50. 
Chicken Kiev' 
ITiin chicken cutlets are wrapped around 
tubes ofbutter, then fried. . 



butler; lold seiuitlv »" Ijuue; cmntt t,., 
during cooking, .ictun >vit>i K....!.[a....... 

wate'i^'"ron'""again J crumbs, l-ry m hut 
shortening (375° on a dying thermometer; 
S minutes- Drain, and put on cxjokic sheet ir 
oven 425° V 5 minutes. Makes 6 servings. 



Appeal from Board of Appeals of the Pat- 
ent Ofhce. 

Application lor patent of Arthur H. Ahl- 
brcfhl, Setial No 5iO,087 filed Jan 12, 
1966; Patent Office Group 120. From deci- 



flARotu f. Kinney and Cruzan Aiexan- 
DKR, both of St. Paul, Minn., and Waltek 
N. KisiN, Washington, D. C, for ap- 
pcliam, 

S, Wm. Cochran (Fred W. Sheriini! of 
counsel) for Commissioner of Patenl>i. 

Before Rich, Almond, Baldwin, and 
Lani,, .Associate Judgfjj, and Niswman, 
Judgc,^ Lulled States Customs Court, 

Almond, Judge. 

This IS an appeal from the decision o( the 
Patent Office Board of Appeals, adhered lo 
on reconsideration, refusing; to accord <].iim 
7 m appellant's appheation ' ihc <iv-u-i]i nf 
an earlier filing dale undtr v, li st, liD 
and sustaining tfie re|C(tio:i n: Hin li n-i 
under 35 U.S.C. 102 as annrinined lu' the 
intervening patents to Langerak ct al.^ 
and Fasitk et a!.^ Claims 2-6 in the applica- 
tion stand allowed. We affirm^ 

The Invention 

The esters of the claim m issue may be 
represented by the formula: 

R, -(CH2)„, -0-CO-C(R)=CH, 
wherein R is a member of the iirosip ronsi^tins; 

perfiuoroltlkvl" (du d'T,"', ' Ih',,',' M2 ,V 
bon atotns, and m is an iiiiLutr Irom 2-12. 
Among seveiai available methods, these 
acrylalcs may ix prt-fiared from w-perfluoro- 
alkyl-substitutcd alkaiiols of the formula, 

Rf (CH^,„ OH 
in which Rf is the perfluoroalkyl group, 
by reacting the alkanol with acrylic or meth- 
acr>'lic acid of the formula, 



acrylic acid. 

Claim 7, the only one on ap 

ddims the ester.s produced by 

It reads: 

7. A perfluoroalkvl-alkyl 
acrylic or methacrylate 
perHuoroalkyl-substttuted 



Id 



iddtctl hasfr 



and ii 



the r 



h the pf 
carbon ; 



:ed 

aciylatts aie useful as monomers to produce 
polymers by honiopolymenzation or by co- 
polymen/.inon with other vinyl monomers, 
<iiid bei.iiisf; of the fjerfluoroaikyi terminal 
grmj[i repeated along the polymer chain, 
wncn ld)ers of fabrics or textiles are coated 
with these polymers, oil and water resistance 
is imparted to the fibers. It is also slated that 
the polymers of the esters of this invention are 
usefuf in sheet form for such things as gaskets 



in which P 

'Senai No. 520,087 filed January 12. 1966, for 
"Flijorinatcd Esiers." 

''Patem No, .3,248,260 issued April 26. 1966 
on an application filed August 22, 1961, which in 
turn vvas a cwiiiniiation-m-part of an application 
filed Mav 2, 1960. 

_^^'Paf.ent No. 3,282,905 issued Novemfjer I, 



Background 
The examiner rejected claim 7 under 35 
u.S.C. 102 as fully met by either Langerak 
et al. or Fasick et a!., and appellant does not 
question the rejection of claim 7 over tlie ref- 
erences if the present application is not ac- 
corded the benefit of the filing date of appli- 
cation serial No, 677,229, filed August 9, 
1957. Therefore, a detailed analysis of the 
references is not necessary. 

The present application is derived from 
two chains of previously hied copending ap- 
plications, both of which start with serial No- 
677,229. Appellant contends that he is en- 
titled to rely under 35 U.S.C- 120 on this 
parent application for an cfTecttve Hiing date 
of August 9, 1957, which date is sufficient to 
remove the icfeif-nccs of record. The exam- 
iner took the position that .serial No. 677,229 
IS inadequate to overcome the cited referenc'CS 
because the invention described therein does 
not include esters having two methylene 
gniups w.c, wtierc m in the formula is 2), 
but lather tfir description is confined to esters 
wherein m is "i-12 

[I] At this point, we note that a similar 
issue was recently presented tn In re Brower. 
107 U.'>PQ 684, Patent Appeal No. . 8360, 
decided November 25, 1970. There we 
pointed oui that 35 U.S.C. 120 specifies 
only that the previously hied application must 
disclose the invention "m tfie manner pro- 
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ication for an eHective filmg date 
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references of record. The exam- 
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c lo overcome the cited references 
invention described therein does 
csitTs having two methylene 
. where m in the formula is 2). 
le description is conhned to esters 



ih4. Patent Appeal No. 
mber 2-i I'^f) The 
thit use U(l ] 
jreviouslv hied appiicatio 



IS support 111 the parent application, the dis- 
dosiiro oi the ongiruii .s(-)rrihcation niiisl lie 
considered. 

The Parent Application 
The tenor of the disclosure in the parent 
application, as it relates to tlie issue on ap- 
peal, is indicated by the following statemcm 
taken from the initial paragraphs of the 
specification: 

This invention relates to fluonnated 
esters and more particularly to unsaturated 
aliphatic add esters of a>-perfluoroalkyl- 
substituted aikanols. 

The new Dolymeny.ablc monon 
es<ers ot unsaturated aliphatic acids 
eluded wuhiii the scope of the invei 
can be represented by the general formula: 
R 
I 

R, -(CM,)... -0-C0-C.=CH2 
wherein R is hydrogen or a methyl radical, 
Rf IS a perfluoroalkyi group having from 
3 to 12 carbon atoms and m is an integer 
from 3 lo 12. Also included within the 
scope of the invention are the polymers 
anrt copolymers of the above-described 
monomers. [Emphasis added.] 
The n-ni;iiridei of ihc di.^clr.sure IS similarly 
ally perfiuori- 
lain or bridge 
dene groups 



nated alcohols 

•lail and the 
ph isis idded I 
'I'hree 



x-rfiuoroaikyl 
[Fm 



ihe 



crRuorc 
111! l«o 
1 picpiH 



II l)e used 



Ik 



uls vhei 



d thus the 
two methvlene groups. In regard 
method, it is disclo.sed in the orm 
cation thai: 

Other analogous addition react 
fluoroaikanesuilonvl halidcs to 
e.sters and acids, as described in 
ing application of G. V. D. 
-,■^2■^4^ hied Scileiuei t> i?-,-, k.l 
lowed l)v reductive dchydrohaiogenation, 
also lead to the intermediate perfluoro- 
alkyi aikanols of the present 



the third 



I'urilH 



either by further saponification of the 
resulting esters or bv reduction of the cor- 
responding distallv perfluoroalkylated 
aliphatic acids or esters thereot using, for 
example, lithium aluminum hydride. 
The illustrations of this method m the 
parent disclosure show the production of ai- 
kanols wherein m is 4 and 10. However, as 
appellant points out m his brief, liers does 
disclose a startmg material, vinyl acetate, 
which when reacted with a perfluoroalkane- 
suilonyl chloride and reductivety dehydro- 
halogenated and saponified, results m the 
substituted alcohol R; (CH,),OH, which can 
be used to produce esters wherem m is 2. 

I he I'resent Auphcatioii 

1 here is no dispute that the present speci- 
hcation supports the claim now on appeal as 
rtquutd b\ ■>-! L S C 112 \ppell mt h is il 
lered the language of the specification to 
explicitly pomt out that esters having two 
methylenes are contemplated. For example, 



ttdthit 
The 



epared bv esteriiymg the 
saturated alcohols with acrylic acid or 
methacryhc acid. Ihese esters have the 
general formula: 

Rf -(CH,V.. ()COC(R")=GH., 
wherem Rf and m are as previously de- 
hned herein (i.e. Rf is a perfluoroalkyi 
group having from 3 to 12 carbon atoms 
and m is 2-12. m beins^ ordinarily 3-12) 
and R' is hydrogen or methyl. [Em- 
phasis added.] 

While claim 7 is expressed m terms of an 
ester produced from •an io-perfluoroalkyl- 
substituted alkanol having not more man i2 
methylene groups per molecuse, the exam- 
iner has agreed with appellant that the 
symbol omega implies that the alkanol nas 
at least two methylene groups per molecule. 
Thus, the claim is directed to esters wherem 
m IS 2-12, as disclosed in the present speci- 
hcation. 

Opinion 

Ihe sole issue in the present appeal ss 
whether the disclosure m the parent appli- 
calion complies with the first paragraph ol 33 
Li .S-C. 112 for purposes of obtammg the 
benefit ot the filing date ol the parent appli- 
cation under 3.5 U.S.C- 120 so as to provide 
a basis lor antedating the unquestionably 
inlicipilon disdosuics of I int,ti ik ei tl 
indrisKkclil Fnimoui leMfw oi the torn 
plete disclosure ol appellant s parent applica- 
tion, as outlined above, and a consideration ot 
the cases cited and arguments advancea, we 



2% Ex parte P alm 

as^ree wiili i.ht^ Patent Ofhcc tbat the dis- regarded 
cidsiirc m the pareni ,i.ppli<::il,K)n is not 
sufficient to support r!aim 7. 

[ 2 ] Parai^raph 1 of ?( I ! 2 provides that 
"The specification shall contain a written 
description of the invention, and of the man- 
i and process of inakms and using it, in 



ucli full, clear. 



. and < 



as to enable anv person skilled m the ar 
wluc!! it pertains, or with which il is inosl 
ne.irly connected, to make and use the same 
* ' In IS means that tfiere must ht botti 
u wnticn nescripiion m full, clear, concise, 
and exact terms, and that it enable anv 



rl the a 



jclli 
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nv en I ion, but rather here 
is 2 wtie never described 
m explicit terms at all, 

.Appellant's reliance on this court s decision 
in In ic RissL S4 14^)1 1- \] 

948 Ht LSPQ I ^ (19Cr) is mispiued 
In Risse, where the parent supported Us 
claims, a sufficient disclosure for purposes of 
obtaining the benefit of the filing date of the 
parent apphcation was tound where 

* * * the subs;eneric claims of the con- 
tinuation-in-part apphc«5ons (1) are com- 
pletely within the scope ol the parent case 
generic disclosure and {2) read on at least 
one species disclosed in a working exam- 
ple of the parent application. 
As we have previously stated, the one 
method for which reference was made to the 
1 icrs application may very well be sufficient 
to teach one skilled in the art how to make 
ine clatmed esters. Certainly the claims, mas- 
much as esters wherein m is 3-12 are also 
covered, read upon a species disclosed in a 
working example of the parent application. 
I lowever, the first part of the Risse require- 
ment has not been met. 1 he esters of claim 
/ on appeal are not completelv within the 
scope of the parent case generic dis(:losurc. 
.Appellant's argument that oi-perfluoroalkyi- 
substituted acrylatc esters is the described 
genus and that those wherein m is 2-12 is the 
subgenus is untenable. As we have previously 
noted, the esters wherein m is 3-12 com- 
prise the onlv genus described in full, cle;ir. 
concise, and exact terms as required by the 
statute. Some esters wherein m is 2-12 
clearly fall outside the class of esters described 
in the parent application. 

Therefore, we affirm the decision of the 



cla.ss of esters descri|ic( 



and e: 



IS (hi 



thai the reference to a)-pcrln 
tuicd acrylate esters is only 
ducing the specific area ol art involved. 

This IS unlike the situation in Brower, su- 
pra, where there was an explicit description 
of the subsequently claimed process, but 
there were statements to the effect that the 
part of the disclosure in Question was not re- 
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Court of Cnstoms and Patent Appeals 

In re RissE, Horlein, and Wirth,- 
In re Horlbin, Wirth, and Eissb 
Appl. Nos. 7674, 7677 
Decided June 15, 1967 
PATENTS 

1. Specification — Sufficiency of dis- 

closure (§ 62.7) 
Subgeneric claim of continttation- 
in-part application is entitled to benefit 
of filing date of parent application 
where claim is completely witihm scope 
of parent application gefnerie disclosure 
and reads on at least one species dis- 
closed in working example of parent 
application. 

2. Interference— Reduction to practice — 

In general (§41.751) 



Foreign inventors who made their 
inventions abroad are prficluded by 35 
U.S.C. 104 from establishing their dates 
of invention by actual reduction to prac- 
tice and are restricted to their effec- 
tive filing dates for proving dates of 
invention by constructive reductions to 
practice. 

3. Patentability — Anticipation — Involv- 

ing interference <§ 51.213) 
There is no reasonable basis for con- 
tention that award or concession of 
priority necessarily makes complete dis- 
closure of vdnning party's application 
available as prior art, either by itself 
or in combination with other art, 
against losing party's application. 

4. Estoppel — Involving interference 

(§ 85.20) 

Patentalnlity — Anticipation — In- 
volving interference (§ 51.213) 
Disclosures in application of winning 



interference party may be used against 
claims in losing party's application 
niider separate principles of (1) inter- 
ference estoppel and (2) statutory 
prior art under 36 U.S.C. 102 (g) and 
103. 

5. Estoppel — Involving interference 
(§ 35.20) 

Under Judicial doctrine of interfer- 
ence estoppel, not all disclosures of win- 
ning party's application can be used 
against losing party's claims, but only 
those disclosures which are clearly com- 
mon to both applications in interfereJice. 

■ In- 

Patentability — lavention — In gen- 
eral (§ 51.501) 

Prior art under S5 U.S.C. 103 includes 
prior invention under section 102(g); at 
a minimum, prior invention u'nder sec- 
tion 102(g) includes subject matter of 
interference counts, which may be used 
as evidence of prior art under section 
103; while section 102(g) i-ncludes sub- 
ject matter of counts, priority of inven- 
tion as to which was actually deter- 
mined adversely to losing party, it does 
not include common subject matter out- 
side scope of interference counts, prior- 
ity of invention as to which subject mat- 
ter might have been determined in inter- 
ference proceeding. 



Patentability — Anticipation — In- 
volving interference (§ 51.213) 

1952 Patent Act did not resolve judi- 
cial conflict in relation to doctrine of in- 
terference estoppel; 36 U.S.C, 102(g) 
merely retains rules of law governing 
determination of priority of Invention 
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8. Estoppel — I 
(§ 35.20) 

I'ateiUabint.y — Anticipation — Tnvolv- 

ins hitesiVrenco (§51.213) 
hnt:rfercm:e. CBtoppel and prior ai-l; 
ar« separate mid distinct matters wliich 
Bhould nut be confused; therefore 
claims which winning party could not 
make, for lack of disclosure, cannot he 
dcnpfid to losdv on ground of interfcr- 
eiice estoppel, if they distinpruish pat- 
T ^i^i^^'^l"' distinction which 

hhould be borne m mind is that, with 
iegard_ to interference estoppel, losino- 
party is only estopped to obtain ctainiS 
which read directly on disclosures of 
subject matter clearly common to both 
winning party's and losing- party's ao- 
plieations, hut that, with regard to prior 
art (meluding prior invention), losing 
party cannot obtain claims to subject 
?.'i*o''.TrI'/'^^ ^^^'^sd under 3.5 

u.h.C. i02{g), or rendered obvious under 
secti-on 103, by invention defined in in- 
ter! erence counts. 

9, Estoppel — Involving interference 

(§ 35.20) 

Although priority of invention as to 
certain species was not determined in 
mterfei-ence, priority mii?ht have been so 
determined since species represents com- 
monly disclosed subject matter; thus, 
losrng party is estopped to obtain claim 
reading directly on species, regardless 
of whether species is prior invention of 
winning party in terms of 85 U.S.C. 
102(g). 

10. Estoppel^ Involving interference 

Patentability — Anticipation — In- 
volving interference (§51.213) 

Fact that applicants (losing interfer- 
ence party) are estopped by interfer- 
ence to claim patentable subject matter 
clearly common to both their applica- 
tion and that of winning party does not 
necessarily make common disclosures of 
one subgeneric invention "prior art" 
under .35 U.S.C. 102(g) and 103 as to a 
different subgeneric invention even 
though both anbgeneric inventions are 
embraced within generic concept dis- 
closed and claimed in applicants' appli- 
cation; therefore. Patent Office mny not 
use commonly disclosed species as evi- 
dence of prior art unless and until that 
compound becomes available statutory 
prior art, as for example by issuance 
tio'n^^ on winning party's: applica- 

11. Patentability — Anticipation — Pat- 
copending appIicaUons 

(§ 51.2219) 
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s of application's fil- 



tlon i.s prior art 
irig date. 

i3. Fa+cnfabilii- _ An(kci,->aTirtr, . . j.,, 
voh'inar i.KpriViu-.ff (g -ll.-nrO 

Interference count as to which appli- 
cants conceded priority of invention to 
opponent IS admissible evidence of prior 
art under 35 U.S.C. 102(g) and ]03. 
13. Patentability—Comiiosilion of mat- 
ter (§ 51.30) 

Claimed compounds which are throe 
to five times better than prior art rop>- 
ixmnd do not differ therefrom only in 
degree but differ in kind; there is no 
evidence that such improvement would 
1 -Tf ■''^t" ^'^Pected by one of ordinary 
skill in the art. 

1!. Patentabilitv -— ,4iit!eipatio!i — Tr- 
loMug intorfcrt-nce (S";i.'>ri) 
In so far as In re Bicknell, 58 USPQ 
So3 and In re Boileau, 78 USPQ 14fi, 
hold tmit all commonly disclosed sub- 
ject matter is prior art against losing 
intei-ference party's claims, thov are 
oreirulea; although all subject matter 
whicii IS clearly common to applications 
ot winning and losing parties may be 
use» for purposes of interference eston- 
pei_ rejcctioti against losing partv',"! 
cliiims, extent to which eommonlv dis- 
closed subject matter may be used as 
^™fMe evidence of prior art under 
35 U.S.C. 103 depends on whether com- 
mon subject matter relied on meets sec- 
tion 102; this depends on facts of the 
particular case; general rules, e.g., that 
all commonly disclosed subject raatter 
IS prior art against losing party's 
elatms, are not to be blindly applied in 
particular cases in which facts mav dif- 
fer from controlling facts in precedents 
wrberem such generalities are expressed. 

Particular patents — Derivatives 
. Risse, Horlein, and Wirth, Phenothia- 
isine Denvatives, claim 44 of application 
.'illowed; claim 47 refused. 



Appeals .from Board of Appeals of 
the Patent Office. 

Application for patent of Klaus Heinz 
Risse, Ulrieh Horlein. and Wolfgang 
Wirth, Serial No. 26,707, filed May 4 
lp60. Patent Office Group 120. Prom de- 
cision rejecting claims 44 and 47, appli- 
cants appeal. Affirmed as to claim 47; 
reversed as to claim 44. 

Application for patent of Ulrich Hor- 
lem, Wolfgang Wirth, and Klaus Heinz 
P'^'v'if^. ^S'''^' '^'o- 608,170, filed Sept. 
o, 1!)5G; Patent Office (iroup 120, Prom 
decision rejecting claim 9, applicants ap- 
peal. Appeal dismissed. 
^ Smith, Judge, concurring with opinion. 
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OLD Sprung, both of New York, N. Y., 
for appellants. 

of counsel) for Commissioner of Pat- 
ents. 

Before Worley, Chief Judge, and Rich, 
Martin, Smith, and Almond, Associ- 
. ate Judges. 

Almond, Judge. 

These are consolidated appeals from 
decisions of the Patent Office Board of 
Appeals affirming the rejections of 
claim 9 of appellants' parent application 
serial No. 608,170, filed September 5, 
1956, and claims 44 and 47 of continu- 
ation-in-part application serial No. 26, 
707, filed May 4, 1960, both entitled 
"Phenothiazine Derivatives." 

The invention relates to novel acyl 
pheiiothiazincs which possess excellent 
gang-lion-blocking, hypotensive, potenti- 
ating and spasmolytic activity and are 
therapeutically useful as blood pressure 
rediicing agents, sedatives, and anti- 



The reference 



relied upon are: 
al. 2,590,125 March 25, 



Claim 9 of the parent case is the 
broadest of the three claims on appeal 
and illustrates the structural formulae 
of the compounds : 

I. A compound having the formula 




in which R is a lower alkyl radical 
and Y is a lower alkylene radical. 
Appellants acknowledge in their brief 
that claim 9 is directed to "substan- 
tially the same invention as that claimed 
in eUiim 44" of the continuation-in-part 
case and accordingly limit their argu- 
ments to claims 44 and 47 of the second 
application, relying upon the parent case 
only for support for the two latter 
claims, which read as follows ; 

44, A 3-aey]-10-(N'-methyl-piper- 
azy 1-N-lower alkylene ) -phenothiazine 
in which said acyl is a member se- 
lected from the group consisting of 
prropionyl and butyryl and said lower 
alkylene contains 2 to 3 carbon 



Robinson f 
1952 

Cusic 2,650,919 September 1, 1953 
Sherlock 2,985,654 May 23, 1961 

(filed Sept. 21, 1956) 
Belgian Patent 552,256 November 14, 

1956 

Application of Schmitt (winning 
party of Interference No. 89,699 in 
which appellants conceded priority in 
parent case serial No. 608,170). 

The effective reference dates of Sher- 
lock and the Belgian patent are subse- 
quent to the September 5, 1956 tilmj? 
date of appellants' parent case. Conse- 
quently, the first issue is whether _the 
two claims of appellants' continuation- 
in-part case are entitled under 85 U.S.C. 
120 to the benefit of the filing date of 
their copending parent application, 
which in turn depends on whether the 
invention of claims 44 and 47 is suffi- 
ciently disclosed and described in the 
parent ease in the manner required by 
35 U.S.C. 112, so as to enable an ordi- 
narily skilled pharmaceutical chemist to 
make and use the claimed compounds. 

With regard to this first issue, the 
board stated: 

As the examiner explains, appel- 
lants are not entitled t<i tlic date of 
their application *t.-jt/i rcHpvet U> the 
claimed subject matter of the pie- nit 
application since the parent appHc;*- 
tion describes only one compound fall- 
ing within the subgenus of clfinii 44 
and, although it contains broad, in- 
elusive terminolo.gy, provides no spe- 
fific liisolosure of the subgenus of 
claim 44 or the compound of claim 47. 
We cannot see that In re Grimme 
et al., 47 CCPA 785, 1960 CD. 123, 
754 O.G. 6, 274 F.2d 949, 124 USPQ 
499, which appellants invoke, aids 
their cause. With respect to claim 44 
the situation appears to be more 
nearly that of Watson v. Bersworth 
et al., 102 U.S. App. D.C. 187, 1968 
CD. 46, 727 O.G. 445, 251 F.2d 986, 
116 USPQ 79; In re Shokal et al., 44 
CCPA 864, 1957 CD. 234, 718 O.G. 
445, 242 P.Sd 771. 113 USPQ 283, or 
In re Fried, 50 CCPA 954, 1968 CD. 
248, 793 O.G. 7, 312 F.2d 930, 136 
USPQ 429, since there is mo definite 
support for the subgenus, ■* 
[Emphasis board's,] 
We disagree with the board on this 
issue. The parent application not only 
contains a working example for one 
compound within the subgenus of claim 
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ample 8, but also contains the following 
generic disclosure which is inclusive of 
the siibgenns of daim 44; 

_ The novel phenothiazine derivatives 
m accordance with the invention have 
the general formula 




in -which Ac represents an aoyl radical, 
such as a lower, straight or branched 
eham alkyl acyl radical having, for 
example, between 2 and 4 carbon 
atoms, or an aryl aoyl radical, as, for 
ex4imple, the benzoyl radical; X and 
Y represent hydroffen atow.H or lower 
molecular weight moRo-valent siibstit- 
wents, such as lower alkyl or alkoxy 
radicals or halogen atoms, as, for ex- 
ample, methyl radicals or chlorine 
atoms; A represents a lower straight 
or branched chain alkylene radical, 
such as the methylene, ethylene or 
propylene radical; Z is a lower di- 
alkylamino radical or a heterooyoUe 
radical, such as a piperidino-, pyr- 
rolidino-, morpbolino- or pipero' 
aino-radlcal, which may possibly be 
f^nhstituted. [Emphasis ours.] 
The emphasized portions of the above 
B'eneric disclosure correspond to the sub- 
menus of claim 44, The parent case also 
states that "the acyl radical is * * * 
preferably positioned at the 3-position" 
and that "when the X and Y represent 
hydrogen, the homocyclic rings are, of 
eoiii-se, imsubstituted." The parent case 
also includes 27 working examples, 
among which are twelve directed to 3- 
propionyl phenothiazines within the 
generically disclosed invention, two di- 
rected to 3-butyryl compounds, eight in 
which the lower alkylene bridge (A or 
Y) is propylene (including five wherein 
the point of attachment to the terminal 
/ group is the 7-carbon and three for 
the ;3.carbon), and five wherein the 
bridge between the 10- or N- position 
of the phenothiazine nucleus and the 
terminal Z group is ethylene. 

In view of the circumstances of this 
particular ease, we believe our Grimme 
dedsioi}, wherein one working example 
and broad generic disclosure was held 
to be adequate support under 35 U.S.C. 



112 for a claim to a subgenus not ex- 
pressly and specifically disclosed as 
siich, is mora apposite than the cases 
cited by the board and is properly ap- 
plicable here. We recognize that the ex- 
aminer had indicated in the Grimme 
ease that a generic claim to all the 
compounds would have been allowable 
in the parent case, if it had been pre- 
sented, while such is not the case here. 
On the other hand, such a generic claim 
had not actually been allowed in 
Grimme's parent application and the 
STibgeneric claim which we held to be 
properly supported read on consider- 
ably more species t than claim 44 here, 
which the solicitor views as inclusive 
of only 18 specific acylphenothiaaines. 

The three cases cited by the board 
may readily be distinguished. Watson 
V. Bersworth, 261 F.2d 898, 116 USPQ 

79, represents a two to two split among 
judges of the District of Columbia 
courts on the issue of the sufficiency 
of generic disclosure in a parent applica- 
tion to support subgeneric claims in a 
continuation-in-part application. Two 
of the three opinions in the ease, those 

J'^'^ee, 159 F.Supp. 12, 116 
USPQ 87, and the dissenting circuit 
judge, 251 F.2d at 901, 116 USPQ at 

80, disagree with the position of the 
Patent Office. Furthermore, the facts of 
the case as set forth in the dissenting 
circuit judge's opinion, the only one cit- 
ing section 120, are quite different from 
those of the cases on appeal here, in 
that not one of the species embraced 
within the two subgeneric claims was 
specifically disclosed in the first (par- 
ent) case. The first specific disclosure 
of such subject matter was in an inter- 
mediate continuation-in-part applica- 
tion, identified as Case B in the dis- 

The Fried decision cited by the board 
is similar to Watson v, Bersworth in 
that the parent case likewise did not 
specifically disclose a single compound 
within the scope of the claimed sub- 
genus. In this respect, the court said: 
* * * it is clear, as pointed out 
by the examiner, that there is no 
disclosure of a specific method of 
preparation of the specific compounds 
claimed here and, as pointed out by 

iThe two variables in Grimme's sub- 
generic claim 1 on appeal were defined 
as follows : "R, Is a radical containing not 
m excess of 10 carbon atoms and selected 
irom the group consisting of hydrogen, 
alkyl, and phenylalkyl radicals; and A is 
a saturated aliphatic hydrocarbon radical 
having 2 to 5 carbon atoms." 47 OOPA at 
im, 274 F.2d at ^0, 124 USPQ at 500. 

2 251 F,2<i at 906, lie USPQ at 85. 
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the Board of Appeals, that there is no 
disclosure of a specific working ex- 
ample for preparing one compound 
here ciaimed.s 

ri] The critical distinction is that in 
the Fried and Watson v. Bersworth 
cases, each of the applicants was at- 
tempting to claim a subgenus not 
specifically disclosed as such m the par- 
ent case, which contained only generic 
disclosure but no description of a single 
species within the scope of ttie later 
claimed subgenus. It is difficult to ar- 
rive at such a subgenus by a purely 
deduelave approach, selecting appro- 
Driate variables from the generic dis- 
closure.* On the other hand, one may 
more easily reach such a subgenus by 
proceeding toward it from two opposite 
directions, i.e., by an inductive ap- 
proach from a specifically disclosed 
species within the subgenus, as well as 
the deductive approach from the generic 
disclosure. The latter situation is repre- 
sented by the facts of this case as well 
as Grimme. In both cases the subgeneric 
claims of the continuation-in-part appli- 
cations (1) are completely within the 
scope of the parent case generic disclos- 
ure and (2) read on at least one species 
disclosed in a worlcing examph 
parent applicatibn. 



! of the 



butyryl - 10- {N' - methyl-piperazyl-N- 
lower alkylene) phenothiazines of sub- 
generic claim 44. . i. j» 
Consequently, we reverse the board s 
decision as to sufficiency of supporting 
disclosure in appellants' parent case for 
claim 44, and hold that the subgeneric 
claim is entitled under 35 U.S.C. 120 
to the benefit of the filing date of the 
parent application, which overcomes the 
rejection of claim 44 based on the Sher- 
lock and Belgian patents. 

Although subgeneric claim 44 reads on 
a compound which is specifically de- 
scribed in a working example of appel- 
lants' parent case, the same cannot be 
said for claim 47. The latter claim de- 
fines one particular compound which is 
not disclosed in either the illustrative 
examples or anywhere else in the parent 
application. We therefore hold that 
claim 47 is not entitled to the benefit 
of the filing date of the parent case. See 
In re Honn, 53 CCPA 1469, 364 F.2d 
454, 150 USPQ 652. Thus, the interven- 
ing Sherlock and Belgian references have 
not been overcome, and we affirm tae 
prior art rejection of species claim 47 m 
view of these patents. 

The second issue involves the availa- 
bility as a "prior art" reference of the 
application of Schmitt, the winning? 
party of interference No. T" 



, which 



'in the Shokal case cited by the board. t!hV'inTOlvrd''XppSrantP"pa7en^ 
we aecepted.an ^^ne^^^ifi^^t^^^^t^ttJ^^^^ ^^"erial No!^V8,170..The board__.af- 



by the examiner that the claimed genus 
read on literally thousands of species. 
Also, the appealed cl a i m s contained a 
negative limitation "free of other ele- 
ments than carbon, hydrogen and oxy- 
gen," which was not supported by the 
disdosiire in appellants' parent case. In 
contrast, the appealed claims here recite 
only positive limitations; and subgen- 
eric claim 44 reads on at most 18 species, 
including the compound of example 8 of 
the parent case and seventeen other 
structurally obvious position isomers 
and next adjacent higher homologues 
thereof. Under the circumstances of this 
ease, we regard the numerous working 
examples in appellants' parent ease ex- 
pressly disclosing 3-propionyl- and 3- 
butyryl-10-{dia}kylamino^yl) _ pheno- 
thiazinM as implicit supporting dis- 
closure, when taken in combination with 
example 8, for the corresponding, prima 
facie equivalents 3-propionyl- and S- 

Ho OCPA at 963, 313 F.2d at 836, 186 
TJSPQ at 435, . , , A» 

4 Of. our tr^tment of species claim 47, 
infra, 

6 The board held that: 

* * * the CJusie and Robinson et ai. 
nattmis demonstrate that In the pheno- 



firmed the examiner's rejection of claims 
44 and 47 as unpatentable over ttie 
application of Sehmitt in view ^d Cuh'ic 
and Robinson ct al. We stress the word 
"application" because the record before 
us permits us to conclude only thai 
Schmitt's application is still pending 
the Patent Office. There is no indication 
either that the application has become 
abandoned or that a patent has been 
granted thereon. 

The Patent Office's position as to the 
availability of Schmitt's applicatio;i as a 
reference is best summarised in the solic- 
itor's brief as follows: 

Now that the interference is ter- 
minated in Schmitt's favor, and his 
complete disclosure is available prior 
art against appellants' claims, all parts 
of his disclosure stand on the same 
footing. 

The manifest fallacy of this position, 
asserted also in Manual of Patent Ex- 
amining Procedure se ction 1109.02, may 
consider the piperaaino radical an ap- 
propriate substituent [substitute] for the 
terminal dialkylamino radical with a 
reasonable, taut not absolutely certain, 
assurance that the substitution will re- 
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ent, application, wherein heterocyclic 
ladicals and lower dialkylamino radicals 
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il formula. 
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ijiu 111 unit, case, j.x may well be. for all 
wl- know, that Schmitt's French appliea- 
liM.i contained only one example, di- 
iccu,.,i to the species of the count of the 
i.i. r.-iierence, and that the remaining dis- 
( iO^uia of Schmitt's United States ap- 
plicaiion, which is cf record, was new 
matter disclosed for the first time when 
oehmitt filed m this country, in which 
c/^iit Scnmitts American application 
wuW^ be entitled to the benefit of his 
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- precedes Schmitt's actual 
ues filing date of March 30, 
arly seven months. 
Iht, -,^rit tarce of the Abo^e is t! it 
the Patent Office tribunals are not, at 
leabt primarily, rejecting appellants' 
elaim.-i a.s unpatentable over the inter- 
teience count, but rather are primarily 
1 ejecting them as unpatentable over a 
compound, not directly involved in the 
t^jST'^t'.?'^'''^",-'" common subject 
matter to both applications, namely, 3- 
propionyl - 10-(7-djmethylaminopropvl) 
-phenothiazme, further in view of the 

. " raJ oohmitt and appellants, all foreign 
inventors who madn th»ir inventions 
abroad, would be precluded by 35 U.S-C 
Mi ivom. establishing fcheir dates of inven- 
tion by actual reduction to practice^ and 
would be restricted to their effective filing 
dates for proving dates of Invention h? 



[a.] V.'e see no reasonable basis for 
Contention that an award or conces- 
^.lun ol priority necessarily makes the 
complete disclosure of the Winning 
p \a\ ippi] ■J Lion a\a lable s prioi art, 
eii.hei bj. it;.>elt or m combination with 
othci n ..am t l>ip Ir ms; putj s ip 
plication. As noted above, appellants' 
parent application may vA\ be prior as 
to every thiiip- m Schi itt s United States 
application, except the count of the in- 
terference, a,-, to which appellants oon- 
c..;;i.:d priority. We take note of the soli- 
y i I "pon In 10 Gif^ t4 

<^ ' ' 1 2d ^Ib m USPQ 

^ t n thit C!se p stent had 

<n-ai;..il.v issued on the winning party's 
application, so that the complete dh- 
lo uir of the patent wd<; in fact aval- 
able prior art under 35 U.S.C. 102(e) and 
lOi as of the application filing date- See 
In le laub 52 CCPA 1676, 345 F 2d 556, 
116 UhPQ 81 li tic present case 
the recorci aoe.s not reveal that a paisnt 
has issued on the Schmitt application. 
. A,ltho5)gh the Grcg.cr case holding 
di.ts !uji support the Patent Office posi- 
I'lac the application disclosures of 
t.l.c ,,mnii,g piuty ui an mterference 
PH.i_euaing- are available prior art under 
:>.\Li..:>.G. 102(g) and 103 against the 
'0.:.jjiK party s claims, we must admit 
laat Lhere are decisions of this court 
from which that conclusion could be 
drawn. For example, this court held in 
In re Bicknell, 30 CCPA 1250, 1253, 136 
P.2d 1016, 1018, 58 USPQ 553, 556. th^it 
* as tar as appellants are con- 
cerned the application of Jorsensen and 
tnat of Joeck [the winning interference 
parties] are prior art." 

i» In « Boileau, 35 CCPA 1248. 
1(8 r 2d 753 78 USPO 146 a pat nt 
hc.d ■ihrid\ 1 lod on tht flmmng n 
tii'r cnce puns apihcantn bm the 
iiJiiife date ot the application was not 
early enough for the complete disclosure 
of the patent to be available as a ref- 
erence under the rule of Alexander Mil- 
r ™ ■'^^'^*^"B<''i™onvillG Co., 270 
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■d Wirth 
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aub, 52 CCPA 1675, 348 P.2d 556, 
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ued (■■!) till! ^Kthmitt application, 
u'h ihi. (ml ci p holding 
t support the i'ateiit Office posi- 
che a pt)li cation disclosures of 
:inmg- party m an interference 
iiig are available prior art under 
.C. loafs) and 103 against the 
partj s claims, we must admit 
ere sre decisions of this court 
i^hich that conclusion could be 
For example, this court held in 
icknell, 30 CCPA 1250, 125,S, 1S6 
16, 1018, 58 USPQ 553, 556, that 
as far as appellants are con- 
the application of Jorgensen and 
Joeck [the winning interference 

in In re Boileau, 36 CCPA 1248, 
d 763, 78 USPQ 146, a pa,tent 
eady issued on the winning in- 
.ce party's application, but the 
.ate of the application was not 
LOUgh for the complete disclosure 
patent to be available as a ref- 



patent to be a proper prior art reference 
as to all subject matter commonly dis- 
closed in both the patent and losing 
party Boileau's application, citing Biek- 
nell as authoritative precedent. Rivise 
and Caesar, in Interference Law and 
Practice, Vol. IV, p. 2922 (1948), cite 
Boileau as exemplary of eases "which 
hold in effect that the application of the 
winning' party constitutes prior art 
against the losing party and may be 
combined with other prior art to antici- 
pate [render obvious] otherwise allow- 
able da.mb 111 xW 1 1 t, I vtj's r.pii.ija 

Thus there is fome support ra this 
court's decisions, prior to enactnienf, of 
the Patent Act of 1S)62, for the Patent 
Office position that, at least insofar as 
commonly disclosed subject matter is 
concerned, the winning party's applica- 
tion is prior art under 85 U.S.C. 102 (e:) 
and 103 against the losing party's 
claims. Aside from the matter of case 
law support, however, we think the issue 
of whether the position is correct or 
not requires searching investigation. 

[4] Although the effect of section 
102(e) is not a factor to consider in this 
case, unlike Gregg, supra, the Schmitt 
application disclosures may still be uF,ed 
against appellants' claims under the 
separate principles of (1) interference 
estoppel and (2) statutory prior art 
under 35 U.S.C. 102(0:) and 103. A i^-ood 
statement oi the judicial doctrine of 
iiUerlcrenee cstoppti! is Icund m the de- 
cision of thih= court m In re Yale, 52 
CCPA 16fi8, 1G74, 347 F.2d 995, 1001, 
14C USPQ -100, 404, wb.erein reference is 
made to : 

* * the well established principle 
of estoppel that an interference set- 
tles not onl;y the rights of the parties 
under the issues or counts of the in- 
terference but also settles every ques- 
tion of the rights to any claim which 
might have been presented and deter- 
mined in the interference proceeding. 
[Cases cited.] ■* * * the doctrine of 
estoppel has been applied where a 
party has neglected or refused to con- 
test priority of patentable subject 
matter which is clearly common to 
his application and the application of 
his opponent in interference [cases 
cited, emphasis in original] * * 
[5] Under the judicial doctrine of 
interference estoppel, it is clear that not 
all of the Schmitt application disclosures 
could be used against appellants* claims. 
Only those disclosures which are clearly 



and the two appealed claims of ap- 
pellants' continuation-in-part applica- 
tion are strictly limited to such com- 
pounds, it shonld be evident that ap- 
pellants are not estopped to present 
and obtain these claims, which do not by 
any stretch of the imagination read 
on the application disclosures of Schmitt, 
their interference adversary. 

[6] Proceeding now to the matter of 
statutory prior art, we think it is well 
settled that prior art under 35 U.S.C. 
1U3 includes prior invention under 35 
If.S' 102(g). See, e.g., In re Yale, 
si.inra. Section 102(g) reads in pertinent 
part as follows; 



(g) before the applicant's invention 
thereof the invention was made in this 
country by another who had not 
abandoned, suppressed, or eoneealed 

it * * *. 

At a minimum, prior invention under 
section 102(g) includes the subject mat- 
ter of the mtojrterence counts, which 
may be used as evidence of prior art 
under section 103. As this court stated 
in In re Cole, 23 CCPA 1057, 1063, 82 
F.2d 405, 409, 29 USPQ 137, 141: 

We therefore hold, in harmony 
with our decisions hereinbefore cited, 
that in order to warrant the allow- 
ance of the claims before us the claims 
must be inventively different from 
said interference counts; or, in other 
words, the specific details or limita- 
tions in the claims before us not found 
m said interference counts must, when 
combined with the striicture em- 
braced in said coi.ttitfi, involve [pat- 
entable] invention over K.^jd counts. 
While it is clear that 35 U.S.C. 102 
(g) includes the subject matter of the 
interference counts, priority of invention 
as to which was actually determined 
adversely to the losing party, it is not 
clear whether or not section 102(g) 
includes the subject matter clearly com- 
mon to the applications of both inter- 
ference parties, but outside the scope 
of the interference counts, priority of 
invention as to which subject matter 
might have been determined in the in- 
terference proceeding. One thing is clear, 
however. If a 1 1 commonly disclosed sub- 
ject matter is treated as conclusive evi- 
dence of prior invention under section 
102(g), then any distinction between the 
judicial doctrine of interference esixippel 
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would automatically be regarded as 
available prior art under 35 U.S.C. 103 
against the losing party in an inter- 
ference. 

Upon review of prior decisions of this 
court, notably, Bicknell and Boileau, 
supra, we find that these two separate 
and distinct matters have often bean con- 
fusingly interrelated. This confusion has 
been judicially criticized by the Court 
of Appeals for the District of Columbia 
Circuit in Ethyl Gasoline Corp. v. Coe 
139 F.2d 372, 373-4, 59 USPQ 46-5, 457 
(1943), which pointed out that "[t]he 
confusion, between an estoppel and the 
condition of the prior art, has been un- 
fortunate and misleading." 

enactment of the Patent Act 
of 1952, various commentators likewise 
recognized the existence of a judicial 
conflict concerning the nature and scope 
«. the doctrine of interference estoppel, 
which bears on the issue with which 
we are presently concerned, namely 
whether the commonly disclosed sub- 
ject matter, as to which a recognized 
estoppel exists, may be used as prior art 
under 35 U.S.C. 103 against the losing 
party's claims. McCrady, in his booic 
Patent Office Practice, Second Edition, 
X946, pp. 161-3, comments as follows : 



Because the doctrine of intfrferenco 
estoppel as applied by the Court of 
Customs and Patent Appeals and the 
[I'atent] Office is not based upon 
any definite provision of the statutes 
or upon any legal doctrine recognized 
in courts of general jurisdiction [in- 
cluding the Court of Appeals, D.C.], 
the scope of the doctrine, and the 
criteria by which its occurrence is 
recognized, have varied considerably 
S®*^"'^rm'-*''"'^' were rendered. 

^ I he doctrine is peculiar to prac- 
tice in the Patent Office, the Court of 
Customs and Patent Appeals, and (in 
modified form) the courts of the 
District of Columbia; it has never 
been recognized by other courts. 

* * * decisions [of the Court of 
Appeals for the District of Colum- 
bia] have applied the interference 
estoppel doctrine in a more restricted 
form than have the Patent Office and 
[this court]. * * * 
« « « 

Confornmbly with the rule of bar by 
judgment, the District of Columbia 
courts hold that no interference estop- 
pel arises where the claims in ques- 
tion could not have been made counts 
of the existing interference ♦ * *. On 
this pomt, the decisions of the Dis- 



flict with those of the Court of Cas- 
toms^and Patent Appeals. [Emphasis 

[T] When Congress enacted the Pat- 
ent Act of 1952, no resolution was made 
of this recognized judicial conflict in 
relation to the doctrine of interference 
estoppel, Paragraph (g) of 35 U.S.C. 102 
merely retains the rules of law govern- 
ing the determination of priority of in- 
vention developed by judicial and admin- 
istrative decisions in interference pro- 
ceedings. Reviser's Note, 85 U.S.C.A. 102 
(g); Federieo, "Commentary on the New 
Patent Act," 35 U.S.C.A. p. 19 (1954). 
Since Congress did not choose to re- 
solve the conflict by statute, this leaves 
the courts free to attempt harmoniza- 
tion of conflicting precedents, insofar as 
desired. We are persuaded to adopt the 
the more liberal view of the Court of 
Appeals for the District of Columbia 
[8] Circuit that interference estoppel 
and prior art are separate and distinct 
matters which shonld not be confused. 
The result is adoption of the following 
position stated by McCrady, supra, p. 



164: 

But claims which the winning party 
could not make, for lack of disclosure, 
cannot be denied to the loser on the 
ground of interference estoppel, if 
they ^distinguish patentably from the 

The distinction which should be borne 
in mind is that, with regard to interfer- 
ence estoppel, the losing party is only 
estopped to obtain claims which read 
directly on disclosures of subject mat- 
ter clearly common to both the winning 
party's application and that of the los- 
ing party; but that, with regard to prior 
art (including prior invention), the los- 
ing party cannot obtain claims to sub- 
ject matter which is either barred under 
35 U.S.C. 102(g), or rendered obvious 
under 35 U.S.C. 103, by the invention de- 
fined in the interference counts. 

[9] Applying these principles to the 
ease at bar, we note that an interference 
estoppel exists as to the species of ex- 
ample 8 of the Schmitt application, 3- 
propionyl - N-7-dimethylamino-propyl- 
phenothiazine, since this compound is 
also disclosed in examples 2, 18, and 
27 of appellants' parent application. Al- 
though priority of invention as to this 
species was not actually determined in 
the interference, priority might have 
been so determined, since it represents 
commojily disclosed subject matter. 
Thus appellants are estopped to obtain 
a_ claun which reads directly on this 
dimethylamino species, regardless of 
whether the compound is the prior In- 
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of 35 U.S.C. 102(g). See Dirkes v. 
Eitzen, 26 CCPA 1198, 103 Fi!d 520, 41 
USPQ 546. 

Appellants recognize the applicability 
of the doctrine of interference estoppel 
to that compound. None of their ap- 
pealed claims, which Schmitt could not 
have made for lack of disdosure, reads 
on the compound of Schmitf s example 
8, or any other phenothiazine deriva- 
tive disclosed by Schmitt for that mat- 
ter.T 

Although there might have been a de- 
termination as to priority of invention 
of the aforesaid species in the interfer- 
ence, there was in fact no such deter- 
mination, and the Patent Office, on this 
record, cannot use this compound, which 
is outside the scope of the specific in- 
terference count, as evidence of prior 
art under 36 U.S.C. 102(g) and 103. 

[lO] The important thing which we 
stress here is that the mere feet that 
appellants are estopped by the interfer- 
ence to claim patentable subject matter 
which is clearly common to both their 
parent application and that of Schmitt, 
namely certain phenothiazine derivatives 
of the dialkylamino type, does not neces- 
sarily make such common disclosures of 
one subgeneric invention "prior art" 
under 35 U.S.C. 102(g) and 103 as to a 
different subgeneric invention, namely 
the phenothiazine derivatives of the 
methyipiperazyi type which appellants 
now claim, even though both subgeneric 
inventions are embraced within the gen- 
eric concept disclosed and claimed in 
appellants' parent application. 

Under the circumstances, we think 
that the Patent Office may not properly 
use the dimethylamino species of ex- 
ample 8 of Schmitt as evidence of prior 
art against appellants' pr^ent claims, 
unless and until that compound becomes 
available statutory prior art, as for ex- 
ill] ample by the issuance of a pat- 
ent on the Schmitt application, which 
would make this species prior art as of 
Schmitt's application filinpr date in this 
country. 35 U.S.C. 102(e), 103, 

[12] To the extent that the Patent 
Office secondarily relies on the species 
of the interference count, 3-acetyl-lO- 
(-V-dimethylaminopropyl) - phenothia- 
zine, priority of invention as to which 
was conceded to Schmitt by appellants 
we think the Wirth affidavit of record 



rejection since "* * * all the [ap- 
pealed] claims are readable on tlie * * * 
application [of the winning interference 
party] * * 



is adequate to establish patentability of 
the presently claimed phenothiazine de- 
rivatives of the methyipiperazyi type 
over this dimethylamino species, which 
is admissible evidence of prior art under 
35 U.S.C. 102(g) and 103. In re Yale, 
supra. Smith v. Watson, 218 F.2d 863, 
104 USPQ 160 (D.C. Cir. 1955). 

The board has expressed three ob- 
jections to this affidavit. One of these, 
that the properties compared were not 
disclosed in appellants' continuation-in- 
part application, is clearly erroneous 
and has been withdi-awn by the solici- 
tor's brief. A second objection, that the 
"prior art" compound tested by appel- 
lants, the 3-acetyl species of the inter- 
ference count, is "obviously not the 
closest In structure to the compounds 
claimed," is not well taken since the 3- 
propionyl species commonly disclosed in 
both applications involved in the inter- 
ference is not legally "prior art" as to 
appellants' claims on the record of this 
case, for reasons discussed in detail 

^ [13] The third objection to the Wirth 
affidavit, that the results differ only 
in degree but not in kind, is unfounded 
in our opinion. We disagree particu- 
larly with the examiner's view that the 
results proving two of the claimed com- 
pounds to possess a circulatory regnla- 
tion capacity at least three to five times 
better than that of the 3-acetyl com- 
pound defined by the interference count 
show a "difference of degree only." 
There is no evidence of record showing 
that such improvement would have been 
expected by one of ordinary skill in 
this art. The claimed compounds might 
have been three to five times worse 
than the prior art compound. Instead, 
they are three to five times better. See 
In re Wagner, 54 CCPA 1031, 371 F.2d 
877, 152 USPQ 552. , , „ ^ 
[14] Insofar as the Bicknell and 
Boileau cases, supra, hold that "all" 
commonly disclosed subject matter is 
"prior art" ap:ainst the losing interfer- 
ence party's claims, those eases are ex- 
pressly overruled, as they are incon- 
sistent with the views expressed herein 
as to the entirely separate and distinct 
natures of the judicial doctrine of in- 
terference estoppel and the statutory 
prior art xmder 35 U.S.C. 103, the lat- 
ter including prior invention under 35 
U.S.C. 102(g). Although "all" subject 
matter which is clearly common to the 
applications of the winning and losing 
interference parties may be used for 
purposes of an interference estoppel re- 
jection against the losing party's claims, 
the extent to which this commonly dis- 
closed subject matter may be used as 
available evidence of the "prior art" 
under section 103 depends on whether 
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subject matter relied on 
IJl^^^tf or more of the paragraphs of 
3o U.S.C. 102. This, oi course, will in 
turn depend on the facts and circum- 
stances of a particular case. General 
rules, e.g". that "all" commonly disclosed 
subject matter is "prior art" against the 
losing party's claims, In re Boileau, 
supra, are to be neither trusted nor 
blindly applied in particular cases in 
^vhieh the facts may well differ ma- 
terially from the controlling facts in 
precedents wherein such generalities 
are expressed. 

For the reasons stated above, the de- 
cision of the board in PA 7574 is re- 
versed as to suhg-eneric claim 44 and «/- 
fi-nned as to species claim 47, and the 
appeal in PA 7677 is dismissed as moot. 

I the 



Martin, Judge, participated in the 
hearing of this case but died before a 

decision was reached. 

Smith, Judge, concurring. 

The record shows that the Board of 
Appeals here consisted of an examiner- 
in-chief and two acting f-xaminers-in- 
chief. Appellants do not challenge the 
legality of that board. For the reasons 
expressed in my dissenting opinion in 
In re Wiechert, 54 CCPA 957, F.2d 927, 
152 USPQ 247, the decision of such a 
board in my view is a legal nullity. 
However, I must accept the majority's 
view on this issue in the Wiechert 
case, i.e., the legality of the board is not 
an issue here. I therefore participate in 
the merits of thia appeal and in so 
doing, agree with the conclusion of the 
majority. 



54 CCPA 1468 

Court of Customs and Patent Appeals 
In re Kalm 
AppL No. 7698 Decided June 15, 1967 
PATENTS 

1. Patentability — Anticipation — In 

general (§ 51.201) 
Rejection under 35 U.S.C. 102(6) for 
anticipation necessarily implies that in- 
vention sought to be patented is not 
new, i.e., that there are no differences 
between what is claimed and what is dis- 
closed in prior art. 
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2. Patentability— Anticipation — In gen- 

eral{§ 51.201) ^ 

Patentability — Inyentiom — In gen- 
eral (§ 51.501) 

Description in reference which is in- 
sufficient as a matter of law to render 
composition of matter obvious (35 
U.b.C 103) to one of ordinary skill in 
the art would a fortiori be insufficient 
to describe" the composition as that 
term is used in section 102(e), a com- 
plete description being but the ultimate 
or epitome of obviousness. 

3. Patentability — Composition of matter 

(§ 51.30) 

Where reference patent imputes par- 
ticular characteristics to a readily pre- 
pared, specifically named and identified 
compound or composition, a party seek- 
ing to claim same compound or composi- 
tion must prove that patent description 
was erroneous and that what the patent 
appears to expressly describe never ac- 
tually existed. 

4. Words and phrases (§ 70.) 

When one speaks of a "genus" in 
chemical arts, one ordinarily speaks of a 
group of compounds closely related 
both m structure and properties. 

5. Patentability — Composition of mat- 

ter (§ 51..30) 
While it is not necessary that refer- 
ence disclose every property or attribute 
ot a composition of matter to be a valid 
anticipation, applicant has found prop- 
erties for his tflaimed compounds which 
are totally incompatible and inconsistent 
with, not merely complementary or in 
addition to, those attributed by patentee 
to his compounds; patentee does not 
disclose compounds withm scope of ap- 
plicant's claims. 



Kalm, 3,4-Dialkyl - 2-Cycloalkylmor- 
pholmes and Congeners, claims 1 to 3 of 
application allowed. 



Application for patent of Max J. 
Kalm, Serial No. 803,847, filed Apr. 3, 
1959; Patent Office Group 120. From 
decision rejecting claims 1 to 3, ap- 
plicant appeals. Reversed. 
Helmuth A. Wegner, Chicago, 111., for 

appellant. 

Joseph Schimmei. (Jack E, Armoue of 
counsel) for Commissioner of Patents. 
Before Wohlby, Chief Judge, Rich, 



10/520,085 

1()7K 
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CajHrn V. Eshhar 

L'-S. Court of Appeals 
Federal Circuit 

Nos. 03-1480, -1481 
Decided August 12, 2005 

PATENTS 

[IJ Paten tahimxA'alidity — Specilicaijon 

— Writtoii description (§ 115;I103) 
Bo..t(l isi Paifiu Appt'Hls Hjid fnlf dsMf n( c^ 

erred in nolding ihat interfetence parties' 
specifications {or claims directed to chimeric 
gciics designed to enhance immune response 
do not SHlisfy written description requirement 
of 35 U.S.C, 8 112, even though specifications 
do not include complete nucleotide sequences 
of claimed genes, since written description re- 
quirement must he apulicd ni coiilexl 'A par- 
must be recited anew when that mtormation is 
akeady known in art, since invention at issue 
lies not in discovering which DNA segments 
are related to immune response, but in novel 
combination ot segments to achieve novel re- 

pjied tio.n kiiw.Mi DN . r-,juiii.f. n l.iio'.n 
function, and since requirement that these se- 
quences be analyzed and reported in specifica- 
tions therefore does not acid descriptive sub- 
stance. 

|2| Patentability A'alidU\ — Spetificalioii 

— Writtin description (S 115.11031 

PatetilahiUt\A'allditv — Specification — 
Enablement (S 115.1105) 

Patent conslruction — Claims — Broad 

nenc clauns to hiuJogical siibicet malicr ae- 
pends, among oiner taclors, on existing 
knowledge in field, extent and content of prior 
art, maturity of science or technology, predict- 
ability of aspect at issue, and other consider- 
ations appropriate to claimed subiect matter; 
in ptL--:-!* I B,iirl I I Pacent AppcaK and 
IntLl^tl^ll.t;^ - ici II laihiig lo aadies'- sup- 
poit toi each ot pjiiies tlanns directed lo cln- 
meric genes designed to enhance immune re- 
sponse, since parties presented general teach- 
ings as to how to select and recombine DNA, 



as well as specific examples of production of 
specified chimeric genes, since they used sian- 
daul -^vsiein^ of ilescription and ideniit;ec-tiM.' 
as well as known procedures for selecting 
isolating; and linking known DNA segmenK, 
since board's repeated obser\aiion thai lnH 
scope ol cSasms appeals to be •'enabied" can- 
not be icconeiied with its ob|evtion that onl_\ 
'■general plan" to combine luiidentilied DNA 
IS piescnted, since whcthci in\eniors Uemun- 
strated sufficient generality to support scope 
oi claims must be delenmned claim by claim, 
and since board s position that inventions at 
issue were merely '"invitation to. experiment ' 
did not distinguish among broad and nairow 
claims, and concerns enablement more thini 
written description. 



Particular patents — Cttemical — Chi- 
meric genes 

6.407,221, Capon, Weiss, Irving, koiieris. 
and Zsebo. chimeric chains tor receptor- 
associated signal transduction pathways, can- 
cellation of claims corresponding to count in 
interference no. 103,8S7, for failure to salisly 
written description requirement, vacated and 
remanded. 



Ap|:ienl Irom the U.S. Patent and Trademark 
Oilicc, Board of Patent Appeals and Interfer- 

Patent interference proceeding (no. 
103.8^7) between Daniel J. Capon"! Arthur 
Weiss. Brian A. Irving. Margo R. Roberts, and 
Knsztina Zsebo (patent no. 6.407,221), and 
Zelig Eshhar, Daniel .Schindler, Tova Waks. 
and Gideon Gross {application serial no. Ob/ 
0S4.W4) Both paities appeal liom cancella- 
tion ot claims corresponding to interterenet: 
count on ground that neither party met written 
descnpilion requfrement, .Ion Dudas, in his ca- 
pacity as Director ot the PTO, intervenes in 
support of the board. Vacated and remanded. 

Steven B, Kelber. of Piper Rudnick, Wa.sh- 
ington, D.C, lor appellants. 

Roger L. Bio\\d>. of B!o\',a\ and Neiin.ul 
Washington, lor cross-appellants. 

Mary L. Kelly, associate solicitor. John M. 
Whealan, solicitor, and Stephen Walsh, asso- 
ciate solicitor, U.S. Patent and Trademark Of- 
fice, Arlington, Va., for intervenor. 



• ; 70 USPQ2d 

I as spccihi, exanipks isl pu>dui.tion »] 
'd diimeiK genes suite the\ Uicdstan 

stem> ol dcscnption .md idciujlujtiori 
1 ds, known pioceduics (ot scleuing 
ig, and linking known DN\ segmentt 
board's repeated observation that fulj 
)f.claims appears to be "enabled" can 
ieeonci!cd with its objection that only 
at plan to combine unidentilied DNA 
nilcd sinie whcdiei m^entols demon 

sutiicienl geneia!it\ to suppoiE sto|x 
n;, must be determined ciaun by claim, 
ce lioard's position that inventions at 
cie iiieiely "invitation to experiment" 

dssciiigmsti among broad and nareow 

dm concerns eiiabternent more than 
description. 

cular patents — Chemical — Chi- 

.^21, Capon, Weiss ining, Roberts, 
ebo, chiinersc chains lor receptor- 
sd signal transduction pathways, can- 
1 of claims corresponding to count in 
;nce no. 103,887, lor iaikire to satisfy 
descnpuon requirement, vacateil arrd 



Capon V. Eshhar 



\\ Irom the U.S. Patent and Trademark 
ioard of Patent Appeals and Interfer- 

jtiterterence proceeding (no 
■ between Daniel J. Capnir Arthur 
nan A Itvmg, Maigo R Roheits and 

Zsebo (patent no fi4(i7.221) ami 
hhar, Daniel Schindler, Tova Waks, 
ion Gross (application sersal iio. 08/ 
. Both parties appea! from cancella- 
;iaims corresponding to interference 
ground that neither party met wntlen 
5n requirement. Jon Dudas, in his ca- 

DirecEor of the PTO, intervenes in 
A the board. Vacated and remanded. 

B. Kelber. ot Psper Rudnick, Wash^ 

.C, rorappclianis, 

k. Browdy, oi Biowdv and Neimait, 

on, !.oi ctoss-appellaots. 

- Kelly, associate solicitor, John M. 

soUcUor, and Stephen Walsh, asso- 
;itor, U.S. Patent and Trademark Of- 
igton, Va., for intervener. 



iietoie Newman, iVlayer, and Gajarsa. cir- 
cuit ludges. 

Newman, .1. 

Both ol the parties to a patent mtcrfer-encc 
procecchng have appeaJed the decision of (he 
Board ot Patent Appeals and Interterences cif 
the Lirxted Stiitcs Patent and Trademark Of- 
fice, wherein the Boaixi hcid that the spccifi- 
1 11 ol neiiherputy tmt the wniicn ikserip 
tion requirement of the patent statute. Capon 
hshhv intut K 10 fBd Pat App 
VJn r Mu 2'^ 2((i i \\ B > id dissoI\td 
th intu en L ind mJkd 11 ol the datms 
ol butli pitaies cot r esponding to the interfer- 
ence count. With this ruling, the Board termi- 
nated the proceetlmg and did not reach the 
question of pnotiiy ot invention. We conclude 
that ihe Bourd erred in its application of the 
law 01 wi rneii description. The decision is va- 
catce anj the u.i.se is remanded to the Board 
tor furtner proceedings 

BACKGROUND 
Daniel J. Capon, Arthur Weiss. Brian A 
Irving \luoR R , , „ i M-s/tina Zsebo 



'\n sntLikrencs is msiituted ittei the 
pitcni ippljLitions hi\e be^n t\imn 
Sound to Lontun p-ilentible subject 
Capon s patents had been examined - 
issued befoie this tnleri leti l \ m 
and Eshhar s application had been :-\ 
arid allowed bur a patent h-vi not ^ el i' 
Durmg an interference nroc"»di 



Boi 



onh pi, 



itlbilH 



/chg Eshhar, 

''^'"i '•'1^ 1 \ \ . and Gideon 
(collectively -Eshhar") were the par- 
an n.ierference proceeding between Ca- 
bniied States Patent No. 6,407,221 
221 patent ) entitied "Chimeric Chains 
trtor \ssotidtcd Signal Tiansduction 
\s and Eshhirs patnt ipplicnnn 
0S/0S4 994 ( th- 994 ippl 



33 U.S.C. ^ 6(0). The question of 
pueniibihtv oi the cl iims oJ both paities was 
latsed sua ^pomt by an administrative patent 
judge duim^ the pallm!n„^ ptoceedmgs 
rhercditer die Board eo idu.kd an ' 
tes proceeding limited to this qucstk", receiv- 
ing evidence and argument. The tiow'] th.=.,, 
invalidated all of the ci.-"ms that h i-t hecii I s 
Ignited as coiRspondine ti the count ot the 
mteituenec u ill ol the cliimsot ch. Cj 
pon 221 pitent ihims s S ot the C ipon 046 
patent, and claims 1-7. 9-20 and 2^ of the 
Eshhar 994 application 

In accordance with the Administrafive Pro- 
cedure Act, the law- as, interpreted and applied 
by the aacncv receives plen'irv review in m 
peal, ami the y^'en^v's r^icuriJ (indin-s ire rc 
viewed t< dcleuimx uh the, th \ ne»t aibi 
tran . ip ,uous oi unsuppon.d b> substan 
tidl evtdenee in the administrative record. See 
5 use W(16(2) l),Lmson x lurko, 527 
U.S. 150, 164-65 m USRQ2d 1930J (1999)- 
In re Gartstde, 203 ,R3d 1303. 13)5 [53 
USPQ2d 17691 (Fed. Cir. 2000). 



ititkd Chii 



[c Rcc 



i.eiis innsfoiracd Thciev uh t ipon 
PittntiNo s 1^9 046 1 the ii46pit(.nt ) pai 
i-nt ot the 221 patent, was also included in the 
interference but was held expired for non- 
payment ot a maintenance fee. The PTO in- 
cluded the 046 patent in its decision and in its 
argument of this appeal ' 



Genes ind Invention 



: ratertei 



iJi 111 1 



A chimenc gene is an artificial Lren- i 
combines segments of DNA irj n vv^. t| 
does not occur in nature. The pnent i 
994 application are directed to the pr-xi'icti 
of chimeric genes designed to eii!r>nce tli- i- 
mune response by provtdins! cells wjih 
cific cell-surface antibodies in i form that c 
penct! itc diseised sifc s soeh ,s solid ti 



ich tb 



The 1 



tl-'rainup hi.h ol conipeunfe apphcants' Is 
tiiL lir-st mventor of. common subject matter 

H.,ldan« Rotjcrt Mayer vacated tlie position of 
judge on IX-ccrnter 2-1. 2(X)4 

Altli„ufe[, Capon is designated as appellant and 
^ -1.. L>,..o.,-ai,ptllati[, both appealed tlie Board's 

I V Ftu 15 Vp P 'bfh) Tlie Diit-cloi ot tlic 

i"fcrvencd lo suppt.ri tlK Bo^ird and h tuilv par 
liupated m this appeal ^ 



ties explain that their ^ , 

dowini, immune .c'ls with intibodN t\pc 
specifiatv. bv combinins; known antigen 
bmding-doraain producing DNA 'md known 
iymphocyie-receptor-protein producing DNA 
into a unitary gene that can express a unitary 
polypeptide chain, Bshhai" summarized the 
problem to which the mvention is directed- 
Antigcn-specific effector lymphocytes, such 
as mmor-specific T cells, are very rare 



individual-specitfc. limited m their recogns- 
liori spectruiD atici ditticuli (o obtain against 
most malignancies. Aiitibcidies, on the iithci 
hand, are readily obtainable, mare easily 
derived, have wider spectrum and arc uo\ 
iTidividiial-spe^iHe. The major probieiii oi 
applying specific antibodies for cance 
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motlic!.! 



1 the 



ical 



'aper Explaining Eshhar's 



Inven- 



1 h; in\u)l)Oii'< ot Capon and bshhai aie thf 
cliimcric DNA that encodes single-chain chi- 
meric proiems tor expression on the surlace ot 
cells of the immune system, plus expression 
\ectois Jrd IK li ii ^'o n i i h rhe d imeric 
DN\ ThL L ir^n r 1 11 I 1 iliuuhui 
the iinemiL . uhI.uk. u FA \ >..g 

ments that are both endogenous and nonendo- 
genous to a cell ot the immune system, 
whereby the nonendogenous segment encodes 
the single-chain: variable ("scFv") domain of 
an antibody- and the endogenous segment en- 
codes cytoplasmic, transmembrane, and exra- 
celkilai- domains ot a lymphocyle signaling 
protein. They explain thai the scFv domain 
combines the heavy and light variable ("Fv ') 
domains of a natural antibody, and thus has 
the same specificity as a natural antibody. 
Linking this single chain domam to a lympho- 
cyte signahng protein creates a chimeric scPv- 
receptor ("scFvR") gene which, upon Uans- 
fection into a eel! ot the immune system, com- 
bines the specificity ot an antibody with the 
tissue penetration, cytokine production, and 
target-cell destraction capability ot a lympho- 
cyte. 

' The parties point to the therapeutic poten- 
tial if tumors can be infiltrated with specifi- 
cally designed immime cells of appropnate 
anti-tumor specificity. 

The Eshhar Claims 

The Board held unpatentable the following 
claims of Eshhar's '994 apphcation; these 
were all of the '994 claims that had been des- 
ignated as corresponding to the count ot the 
interference. Eshhar's claim 1 was the desig- 
nated count. 

1. A chimeric gene composing 

a first gene segment encoding a single- 
chain Fv domain (scFv) of a specific anti- 
body and 



a second gene segment encoding pa 
m cntneK the tunsiiiLmbtane and c 
ismic. and optionally the extracellulE 
:niis ot an endogenous protein 



mune system and triggers activation and/or 
proliferation of said cells, 

which chimeric gene, upon tiansfec- 
tioii to said cells of the iiimiune system, ex- 
presses saiil schv domain and said domams 
of said endogenous protein m one. smgle 
chain on Tie ■-uil ue ol the transfccted ceSK 
such that the translected eel 



and/o: 



II older. 



wd 



MHC 



wherein the beyond gene segment imihcr 
comprises paiHally or entirely the extracel- 
lular domain of said endogenous protein. 
3. A chimeric gene according to claim i 
wherein the first. gene segment encodes the 
scFv domain ot^an antibody against tumor 
cells. 

4 A chimeric gene according to claim X 
wherein the hrst gene segment encodes the 
scFv domain of an antibody against yirus 
infected cells, 

5, A chimerj' 
wherein the v 

6, A chimen 
wheicii he - 
lymphocvle r 

7, A chimen 



, IS HIV 



em iht s 



the r Lcll 1 



cplor 



9. A chimeric gene according lo tlaim / 
whei-em the second gene segment ttu-oder, 
the ct, p, 7, or 6 cham or the aougen- 
specific 1 ceil receptor. 

10. A chimeric gene accordmg lo cIluiH 1 
wherein the second gene segmcm encodes a 
polypeptide of the TCR/CD?> complex. 

11. A chimeric gene accordmg to claim lU 
wherein the second gene segment encodes 
the ?.eta or eta isotorm Cham. 

12. A chimeric gene accordmg to claim j 
wherein the second gene segment encodes a 
subunit of the Fc receptor or IL-2 receptor. 
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second gene segment encoding par- 
!t (,nti!eh the ttdnsniLmhiane jnd u\ 
niic. and optionallv the extraceiiuiar. 
ns ol an endogenous protein. 

heiem said ttidogenous protun js ex 
d on the surtace of cells ot the im- 
system and triasiers activation and/or 
Jtation ot said cells. 

hKh i.himeia olpc upon transfcc 
) >~a' J celK of the^ immune s> stem ex 
s said scFv domain and satd domains 
d endogenous protein m one single 
on the surface ot the iranstected cells 
nat the transfected cells are triggered 
tivate and/or proliferate ajid have 

noiirestncted antsbody-type specific^ 
icn said expiessed scF\ doniitm binds 



Jiim 



gene i 



Llaini 



chimeric gene according to claim I 
in the iirsl gene .segmeni encodes the 
jonnain of an antibody against tumor 

cninicric gene according to claim 1 
Ml ilic nrst gene segment encodes the 
aoinain of an antibody against virus 
3d cells. 



chimeric gene according to claim 1 
in the second siene segment encodes a 
locvle receptor chain, 
chtmeric gene according to claim o 
in the second gene segment encodes a 
ot the 1 cell receptor, 
chimeric gene according to claim 7 
in the second gene segment encodes 
, 3- y. or 5 chain of the antigen- 
ic T cell receptor. 

chimeric gene according to claim I 
m the second gene segment encodes & 
sptsde ot the TCR/CD3 complex, 
chimeric gene according to claim 10 
m the second gene segment encodes 
la or eta isofonn chain. 

chimeric gene accordmg to claim 1 
in the second gene segment encodes a 
It ot the Fc receptor or IL-2 receptor. 



), A chimeric jjene accordmg to ciann Li 
h R n thL Lond tne sc meiil cnccd^s 
tL^l ■.( h 11 il f ,PM ( I K/RIl 



pe 



mpii 



o thi, surlatL. rnembru: 



anal sequence 
c bound protein 



DNA enccKltng a non-MHC restncted 
extracellular bmdmg domain which is ob- 
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20. A ceil il the iminiine system according 
to claim 19 selected from the sjroup consist- 
ing of a natural killer cell, a lymphokme ac- 
tivited kiUei lcII i c>toioxic T cell a 

htlp rTc il md ullxpethueot 



I he Board did not discuss the claims sepa- 
rately, and held that the specification failed to 
saUsfy the wntten descnption requirement as 
to ali ot these claims. 

The Capon Claims 

Claims 1-10, ail ot the claims of the '22! 
patent, were held iinpatetitable on written de- 
scription grounds. Claims 1-6 arc directed to 
the chimeric DNA. claims 7. 8. and 10 to the 
corresponding cell comprising the DNA. and 
claim V (0 ihc chimeric protein: 

1. /\ cliiiiieiic DNA encoding a membrane 
huimij proieni. shkI chimeric DNAcompns- 



;isle chain antibody that 



n the s 



rtace o 



f>NA encodiviij ;i 
main which is- obtajnei 
lected from the gmm 
CDS. imniunoglobiiliji. 
the CD3 gamma chain, 
and the C D e il i 1 

D\\ tn I dm i 



said cytoplasmic domain are not naturaliv 
joined togethei; and said cvtoplasmic do- 
main IS not naturally joined to an extracei- 
liilar hgand-bindina domain, and when said 
chimeric DNA b 



boi 



Id pre 



\pi s 



brane bound protein initiates signaling m 
said host celt when said e.Ktnicellular do- 
main binds said at least one hgand. 

2. The DNA of claim I. wherein said 
single-chain antibody recognizes an antigen 
selected from the group consisting of viral 
antigens and tumor cell associated antigens. 

3. The DNA Of claim 2 wherein said single- 
chain aiitibodv IS specihc for the HIV env 

said trans- 



membrt 



Lirallv 



5. An expression cassette comprising a tran- 
scriptional initiation region, the DNA of 
claim I under the transcriptional control of 
said transcriptional initiation region, and a 
transcriptional temimation region- 

6. A retrovird] RNA or DNA construct com- 
piising the expression cassette of claim 5. 

7. A cell compnsmg the DNA of claim 1. 

8. The cell ot claim 7. wherein satd eel! i.s 



9. A chimenc protein compnsms in the 
N-terminal to C-terminal dirftf sjnir 

a non-MHC restricted extracellular 
binding domain which is obtained from a 
single chain anub(xly that binds specifically 
to at least one hgand. wherein said at least 
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cell 



Iigatid is. a protein on the surface of a 
or a viral protein: 



a transmembrane domain which is ol>- 
taiiied from a protein selected from the 
group. consisting CD4. CD8, immunoglohii- 
lirj, the CD3 zeta chain, the CDS ganutia 
chain, die CD3 delta chain and the CD3 ejK- 
silon chain; and 

a cytoplasmic signgl-transducing do- 
main of a protein that activates an intracel- 
hilar messenger system which is obtained 

from CD3 zela, 

wlieic^in said exEracellular domain and 
sdul cytophiMmc domain are not naturally 
joined together, and said cytoiilasrnic do- 
main is not naturally joined lo an CNlracel- 
lular ligand-bindittg domain, and when said 
chimeric protem is expressed as a mem- 
brane bouiid proiem m a host cell under 



^ raemhidnc pioiem uil pun, n oi J.nm 

In addition, claims 5, 6. 7, and S df CapoiV'; 
'046 patent were held iinpatcncable. These 
claims are directed ■ to chimeric DNA se- 
quences where the encoded extracellular do- 
main is^ a single-chain antibody containing li- 
gand binding activity. 

The Board Decision 

The Board presumed enablement by the 
specifications of the '22! patent and '994 ap- 
plication oi the ful! scope of their claims, and 
bd^.cJ Hi Jet;i,-,ion solely on the ground of fail- 
ure of written description. The Board held thai 
neither party's specification provides the req- 
uisite description of the full scope of the chi- 
meric DNA or encoded proteins; by reference 
10 knowledge in the art of the "structure, for- 
imua, chemical name, or physical properties" 
oi ihc DNA or the proteins. In the Board's 

We are led by controlling precedent to un- 
derstand that the full scope of novel chi- 
meric DNA the parties claim is not de- 
scribed in ifieir specihcations under 35 
U.S.C. §112 Mi'-t pai.u-raph. by reference 
to conlempoiary and/or pnor knowledge in 
. the art of the structure, loimuia, chemical 



name, or physical jitopcnies 
tein domains, and/or DNA se 
eticodc many proiem domaii 
prise single-chain protcm.s 



schem 



Bd Of. at 4. A'^ controlling prcccacnt u\ 
Board titcd Ke};mts of the Universitv ofCaH- 
fornui V hi, LiHy A Co., 119 F.3d'l559 r4s 
USPQ2d LVXS! a'ed. Cir. 1997); Fiers ~ 
Revel Co., 984 F.2d 1164 [25 USP02d 16011 
(Fed. Cu 1993). Amg.n. I,u i. drnqai Phar- 
rmcmlical Co.. 927 F.2d 1200 [is' LSPO'J 
1016] (Fed. Cir. 1991): and Enzo Bloch^, 
Inc. V. Gen-Probe, Inc., 296 F.3d 1316 m 
USPQ2d 1609.1 (F'ed. Cir. 2002). TTie Boaii'i 
summarized its holding as follows: 
Here, both Eshhar and Capon claim novel 
genetic matenai described ui teims of the 
functional charactenshcs of the protein it 
encodes. Their specifications do not satisfy 
the written description requirement because 
persons having ordinary skill in the art 
would not have been able to visualize and 
recognize the identity of the chiiraed 
nctic material without corisidetin<i addi 
tiona] knowledge in die an, pcrforiMine ad- 
ditional experimentation, and testing ui 
confirm results. 
Bd. op. ax 89. 

DISCUSSION 
Eshhai- and Capon challenge both the 



the 



selectnig^ and 
specifiLatK'ns 



Board's interpretation of precedent 
Board's ruling that their descriptions are 
equate. Both parties e.xplain that their 
meric genes are produced 
combining known heavy- 
immune-related DNA segmc 
DNA-linking procedures. T 
of both parties describe procedures for identi- 
fying and obtaining the desired immune- 
related DNA. segments and linking them into 
the desiired chimeric genes. Both parties point 
to their specific examples of chimeric DNA 
prepared using identified known procedures 
along with citation to the scientific literature 
as to every step of the preparative method. 

The parties presented expert witnesses who 
placed the invention in the context of prior 
knowledge and explained how the descriptivt: 
text would be understood by persons of skill 
in die field of the invention. The witnes.ses cx- 
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I name, or physical properties ot mfinv pro- 
lem domains, and/or DNA sequences which 
taiLode many protein domains, winch corn- 
prise single-chain proteins and/or ONA 
L.on.MKitts made in accordance wuh the 
pliUis, .scliemes, and examples thereof the 
parties disclose. 
Bd. op. at 4. As controlling precedent the 
Board cited Resents of the Univenitv nf Cali- 
fornia V. EH Lilly & Co.. 119 F^d l=;'i9 [4^ 
USPQ2d 13981 (Fed. Cir. 1997V Fiers v 
RiMi Co 9S4r2d 1164(21 USPQ2d 1601J 
(t-cd Cn 199=!) Im ui Int i (_lm ai Phai 
imcumcal C > 927 F 2d 1200 \\\ USPQ2d 
1(H6] (FuJ Cir 1991) md En o RwJum 
Inc 1 (,ti! Pf ,ht Im 296 f^dni6[61 
LSPQ2d KD'M ,r I Cir 2002) The Botid 
summarized Ms hokimg as foUows: 
Heie, bolh Eshhar and Capon claim novel 
genetic maienal described in terms of the 
functional charactenstics of the protein it 
encodes. Their specihcations do not satisfy 
the wnllen description requirement because 
puson lu\m_ !dliuI^ skill m ili. m 
would fioi buvc been able to visuali/c and 
recognize the identity ot the claimed ge- 
netic maleriai without considering addi- 
tional knowledge m the art. performing ad- 
ditional experimentation, and testing to 
confirm results. 
Bd. op. at 89. 

DlSC:(.iSSION 

bshhar and Capon challenge boili the 
Boaid s interpretation of precedent and the 
Board s rulm.s; that their descnption.s are inad- 
equate. Ikiih parties explain that their chi- 
meric genes arc produced by selecting and 
combining known heavy- and light-chain 
immune- related DNA seaments. using known 
DNA-lmkmg procedures. The specilications 
ol both parties describe procedures lor identi- 
tymg and obtaming the desired immune- 
lelated DNA segments and hnkme them into 
the desired chimeric genes. Both parties point 
to their speciftc examples ot chimeric DNA 
prepared using identihed known procedures 
along With citation to the scientific literature 
as to eve!7 step of the preparative method. 

The parties presented expert witnesses who 
placed the invention in the context of prior 
knowledge and expiamed how the descriptive 
text would be understood bv persons of skill 
in the held ol the invention. The w 
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piauied thai the pnnciplc of fonmntt chimeric 
from seleclul sei'im nis o' ^N^ \ is 
Known is well is i i i lelh )ds ot idtMih 
mg selecting and eombin lit tht. desiad se 
maits of DNA Di ishbii ii rikd i \ 
pert statement wherein he explained ihal ilie 
prior art contains exteiisi\L 1 i ftk li 
nucleotide siaicturc ot:thc various immune- 
related segments ot DNA; he stated that over 
785 mouse antibody DNA Imht chams and 
1.327 mouse antiliody DNA heavy chains 
were known and published as early as 1991. 
Similarly Capon s expert Dr. Desideno dis- 
cussed the pnor an, , also citing scientihc ht- 

Thc link 1 s qu rs disclosed in the 2''1 
pit 1 hi iiJ4^i usLd ti uti 
tis -iP |i iti 1 mi uht shun iiuskie 
acid sequence and permit tunetional asso- 
LiUion )l ihv i\ 1 li-ind binduu ie.,i( ns 
wsK published h> !99() is \\s.)i, the llKlh 
ods tor obtaining the mature sequences ot 
the desired heavy and light chains toi' con- 
structing a SAb (Exhibit 47. Batra et al.. J.. 
. Biol. Chem.. 1990: Exhibit 48. Bird et al.. 
Science, 1988: Exhibit 50. Huston et aL 
PNAS, 1988; Exhibit 51, Chaudhary. 
PNAS, 1990. Exhibit 56. Morrison et al. 
Science. 1985: Exhibit 53. Sharon et al.. 
Nature 1984). 



Dt-siduio t 
Both pan 
in this 



Jl IS. 



eld \U-)i 



Ot a chimeric gene made ol a Itrst segment ol 
DNA encoding the sinolc-cham variable re- 
-,10.1 ot in antibod) and a second si.^ u tii i 
DNA encoding an endogenous protein. Iliev 
testified that re-analysis to cotihrm these 
structures would not be needed in order to 
know the DNA structure of the chiineric eenc. 
and that ihe Bo i iin rr r thit the 

loimuh sh^m s i! i ii i i i i 1 piopci 
ties ot these DNA comninations had been 
overtaken by the state of the science. They 
stated that where the .structure and properties 
ol the DNA components were known, re- 
anal vsis was not required. 

Fshhii s spesil tion sntuns iIil nusk 
ulide sj.quLni.cs o s \tL n diUtient lessptot 
pnmers and-tour dilicrent scFv primers irom 

hi 1 iimene peiscs encoding scFvR m i\ be 
ubtamed. while Capon s specification cues lit- 
t iature sources ot such information. lahhsu- s 
specihcation shows the production ot chi- 



meric genes encodme scFvR usine pnmers. as 
lists, f in Fshhi! s libL 1 Cipon stued thit 
niEuii) ent,s lis isohted tnd pniLd tistn 
Lon\LnEiontl nxth ids sush is the pohmci ise 
chain reaction or elonins bv prmier repair. Ca- 
pon )!1 s Fslilnr di eussed \ luous known 
puutduKs til idsniihin., obiiiiin md 
Imkin D\ \ st„mi,nts it.LOiiip iniLd h^ i\ 
perimentai examples. Ibe Board did not dis- 
pute that persons in this held ot science could 
determine the structure or tormuia ot the 
hnked DNA from the known structure or hir- 
muia oi the components. 

The Bi tl i stlted th it sontt llin pises 
dent required inclusion m the speciticaiion ol 
the siniplstc ntlsleotlde ssquenss ol it leist 
ons s-himsns „eiK Bd op it 4 Tht Bond 
ilso ob]LLtid th It Ihs. clums wcil bu idst 
th II! tht speeilis exmipk Fshh ii md C spon 
c leh K spends I \ pnmtm t th seientitis 
umpkttnt, inti I ]5lli tt th ii ksenpti\t 

The Bo lid slid not i-l it an\ ol the claims 
broad or nanxiw. to the examples, but invali- 
dated all of the claims without analysis ot 
their scope and the relation ot claim scope to 
the details of the specifications. 

Eshhar and Capo n both argue that they have 
set forth an invention whose scope is fully and 
fairly descnbed. lor the nucleotide sequences 
ot the DNA m chimeric combination is readily 
understood to contam the nucleotide se- 
quences ol the DNA components. Eshhar 
points to the general and specjhc description 
in bis spcciheation o) known immune- related 
DN\ se ni.nts nuUidnu ihe sxampics o! 
their hnkinji. Capon points similarly to his de- 
sciiptu n 1)1 sekstm DNA st.,nKiUs that arc 
known to express immune-related proteins, 
and stresses the existing knowledge ot these 
segments and dieir nucleotide sequences, as 
well as the known procediu-es tor selecting 
and combining DNA segments, as cited in the 
specihcation. 

Both parlies argue that the Board miscon- 
stiusd pisssdenl md th st pis-sudent does not 
estiblish ipn \t luleitquitin nu kutide b\ 
nucleotide re-anaivsis when the structure of 
the component DNA segments is already 
known, or readily determined by known pro- 

The Statuiorv Requiremeni 

The required content ot the patent specih- 
cation IS set forth m Section 1 1 2 of Title 35: 
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§ U2 f 1. I he spccihcaiion sSiall contain a 
wruien description of ihc invenJion, and oi' 
the manner and process of making and us- 
ing u, m such lull, clear, concise, and exacl 
(cnns a,s lo enable any person skilled in the 
ait to i\hi^'i f peUdin<; or with vvhith it is 
most nearly connected, to make and use the 
.same, and shall set torth the he^i mnd^ con- 
ttraplated b\ theui\cnt(i r ui i n 

The wniten description' requiifiTif ru iir-iie- 
nients the principle that a patent must desci ibc 
the technology that is sought lo be paieni.vii- 
the requirement serves both lo KatislV th- in- 
ventor's obhcatun to diM V-^ i o i.o 
knowledge upon whicfi ihe patent is hq^ed 
and to demonstrate that the piuemee •.••-is i'l 
possession ot the invention that is claimed 
See Enzo Bwcnem, 296 F.3d at 1330 (the writ- 
ten description requirement "is the quid pro 
quo of the patent system; the public must re- 
ceive meaningitil disclosure in exchange for 
being excluded trom practicing the invention 
a kmjted period ot time"); Reiffii 



For the chimeJK scnes o! tht tapon ttid 
Eshhai: inventions, the law must take cogni 
zance ol the sciemihc iia^ ihc Boud entd 
m refusmg to cotisider the .stale of the scien 
tihc knov Ld:;. s i.\^la, ud tiy both paities, 
and tti declining w consider- the separate scope 
ol each ot the claims. None of the cases to 
vvhtch the Boaid ittisbutcs the teijuiienteni oi 
'ml DN V le aiuKsis le Ft^ui!\\ [ dh 
huts I Kcxcl \m%Ln oi Fu o BuKlum tc 
lire 1 PC desuiption ol whu wa^, dttadv 
Known In Ldh 119 f M it 1-67 thi lDNA 
ki human insidin hid nc\u been thiiaLiLr 
ized. Similarly in t-iers. 9b4 R2d at 1171 
much of the DNA sough! lo x luu \.J^ 
of unknown structure, whereby this court 
viewed the breadth of the claims as embrac- 
ing a "wish'- or research "plan." In Amqen 
'->2~ r2 1 u i:nr ih ^ mn t^plamtd that a 
' ' ' t M I i^q 1 \\ (.haiattcii/td 
^ I )1 -iL M III I n I )nc bci. lusi. s\Kh. 

a description would represent a mere "wish to 
know the identity" of the novel material In 
Enzo Bwchem, 296 F.3d at 1326, this c^ 



ojt Corp , 214 F3d' 1342, 1345-46 154 ^^T'^ ^""^ P'^^ ^'^"i ^^mp<c rrav 

USPQ2d 1915J (Fed Cir 2000) (the putpose 1.'^'''^ "^""^^ ^-^'Tfion i. bevond 



of the wntten descnpuon requirement 
ensure that the scppe of the right (o exclude 
. . . does not overreach the scope of the inven- 
tor s contribution to the field of art as de- 
scribed in the patent speciticaiion")- In re 
BaiLi •^'sg F2d ^HS >92 n4 [144 USPQ 
470] (CCPA 1977) (the goal of the written de- 
scription requiremeni is -to clearlv convey 
the intormation that at! applicant has invented 
the subject matter which is claimed"). The 
written descnpuon reciunernem thus satisfies 
the policy premises of iIk: law. whereby the 

SStVSrfrT^' advance ,s tion ol the mouse antigen, and ir, , 

added to the body of knowledge, as consider- Rochester v C, n W/^ ^ ^-^^e r i r 
atioi. for the giant of patent exclusivity J^sS'S^ Sgt^^S^j'^Ped c ' 

ITie descnptive text needed to meet these whet^: the court affirmed that the description 



present .socntihc capabilitv. In Anmn Inc v 
Hoechst Marion Roussel. Inc.. 314 F3d 1313 
1332 16^ I SP(j2d n^5J (Fed Cir 2003) the 
coutt explained turther that the written de- 
Svupiion recjuiienient may be satisfied "if In 
the kio^ucd-^ ot Ihe ait the disclosed f mx 
tion lb sufThciently correlated to a particuiar 
known structure, fhese evolving principles 
were applied m Noelle v. Lederman 3^5^ f' ^d 
1343, 1349 169 USPQ2d I508J (Fed Cir 
2004), where the court affirmed that the hu- 
man antibody there at issue w-is not -id- 
equately described by the structure and func- 



vanes with the nature and sco 
ot the invention at issue and with thi. s^icn 
tific and technologic knowledge already in ex- 
istence. The law must be applied to each in- 
vention tluii cntui.s the pateni process, for each 
js.i.ntcd ad-ance , .imel in relation to the 
sU'ic ot Ifk se e-iu Since ihc law is applied 
10 each mventiun u Mf^^ ol die stale ol itl 
evant knowledge, its application will v=f - 
with differences in the state ot kuo.\led^e m 
the field and differences in ihe predfciability 
of the science. 



of the COX-2 enzyme did n 
seribc unknown compounds capable of selec- 
tively inhibiting the enzynie. 

[l]The 'written description" requirement 
must be applied in the con .xi ol ih; piiK 
lar invention and die state of ihc knowledce 
The Board's rule thai the nucieniide sequences 
of the chimenc genes mii.st be fuliy presented- 
although the nucleotide sequences ot the com- 
ponent DNA arc known, is an mappropriate 
geiicralizadon. When (he prior art includes tiic 
nucleotide information, precedent does not sci 
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chimeric genes ot the Capon and 
vcntions. ihe law musi lake cogni- 
lie scicntilic facts. The Board erred 
t? tn consider the slate of the scien- 
Ld e ts i.\plunLd b\ both piitics 
linin^ io L "iii'sidti IIil stp u itc ■M.opt 
t iht ihim^ None ot the cises to 
Board attributes the requirement ot 
\ re-analysis. i.e.. Regents v. Lilly. 
:evel. Amgen. or Enzo Biochem. re- 
e~descnption Of what was ah-eady 
1 Lilh \])F\\ a 1%7 the lDW 
1 insuhti hid ne\er bttn i,hii i ta 
iiliih m /id J 9S4 F2d it 1171 
tht DN K s mJ-ii to he U nmed w is 
iwn structure, wherebv this court 
le breadth ot the claims as embrac- 
ish or research plan. In Ami>en. 
U P06 the com I \pl lined f hit s 
I \ 1 ri >i idu|u Ik l\ ch It Kit,tized 

ion \\ mklKpi s lil 1 meie wish to 
identity ol the novel material. In 
■:hem. 296 F.3d at 1326. this court re- 
hat deposit ot a physical sample may 
vords when description is beyond 
nentilic capability. In Amf^en htc. v. 
Ian riRoussd Inc 314FM 
USPQ2d 1385] (Fed. Cir. 2003) the 
slamed turther that the wrsttcn de- 
reqmrement may be satis hed it in 
ledge ot the art the disclosed tunc- 
ifliciently correlated to a particular, 
ructure. These evolving principles 
lied m Noelle v. Ledermm. 355 F,3d 
49 [69 USPQ2d 1508] (Fed. Cir. 
here the court aflirmed thai the hu- 
bodv there at issue was not ad- 
descnbed by the structure and func- 
i mouse antigen; and in University of 
■ V. G.D. Seark & Co.. 358 F.3d 916. 
» USPQ2d 1886] (Fed. Cir. 2004), 
; court affirmed that the description 
3X-2 enzyme did not serve to de- 
known compounds capable ol selcc- 
ibitmg the enzvme. ■ 
i 'written description requirement 
ipphed in the context of the particu- 
;ion and the state of die knowledac 
d s rule that the nucleotide sequences 
UKUt t,ent.s must bt. iiilh pit cntcU 
the nucleotide sequences ot the com- 
iN-Y lie Inown is in niippiopma 
ition. When the prior art includes the 
e information, precedent does not set 
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a per se rule that the mforaiatKin must be de- 
termined afresh. Botli: parties state that a per- 
son, experienced in the. held ot this invention 
would know that these known ].)NA segment,'! 
viould retam then DNA - qu n.e- nhei 
hiiked by knoi^n metn I b th pii^ l\ 
plain that their mveniiLO 1 n ru l ttiii- 
which DNA segments are related lo ihe im- 
mune response- tor that is m the prior an, oui 
ni ihe novel combination ol the DNA seg- 
ments to achieve a novel nwiiU. 

Ihe 'wntlen description" requneniciii 
states that the patentee must describe the in 
vention; it does not state that everv invention 
must be descnbeil in the same wav. As each 
field evolves, the balance also evolves be- 
tween «hat IS known and vshu is added b> 
each inventive contribution. Both hshhai- and 
Capon expiam that this mvention does not 
concern the discovery of gene function or 
structure, as in Lilly. Ihe chimeric genes here 
at issue are prepared from known DNA se- 
quences of known funciioii. The Board's re- 
quiiLinent that tb'"s. m, [leiLLs must be ana 

not add dcsuiptiSL sub^tmce Tin Board 
erred m holding that the SDeciSications do not 
meet the written description requirement be- 
cause they do not reiterate the struciuie or (or- 
mula or chemical name for the nucleotide se- 
quences ot the claimed chimenc genes. 

Claim Scope 

There remains the question ot whether the 
specifications adequately support the breadth 
ofall ot the claims that are presented. The Di- 
rector argues that it cannot be known whether 
all of the permutations and combinations cov- 

tended purpose, and that the claims are too 
broad because they may include inoperative 
species. The inventors say that they have pro- 
vided an adequate description and exemplifi- 
cation ot their mvention as would be under- 
stood bv persons in the held of the invention. 



Thev 



ate thai 



.K i) 1 



h pn. J 



varv. and that tneir specUic 
evaluation ol the eltectivene.s.s. of their chi- 
meric .combinations. 

It IS well recognized that in the "unpredict- 
able" fields of science, it is appropnate to rec- 
ognize the vanabi!itv m Ihe .science in deter- 
mining the scope ot tne co^ erage to which the 
inventor is entitled. Such a decision usually 
tocuses on the exempiificatson m the .spcciti 
cation. See, e.g., tnzo Biochem, 29.6 F,3d at 



1.327-28 (remanding tor district court to deter- 
rnme -[wlhcther the disclosure provided by 
the three depoisits in this case, coupled with 
the skill of the art, describes the genera of 

Llaims 1 3 md S ) Lilly, il9 F3d at \5W 
(genus not described where "a representative 
iHiniber ol cDNAs. dehned.by nucleotide se- 
quenti 1 illiiig \Mthin the scope ol the genus 
had not betn^pioMded) In n houtlit ^72 
F2d lOOS 1012 [10 LSPQ2d 16141 iFcJ Cir 
|ys9) (EttOchtniKal componiids wcr insutii 

4=;^ bid nS9 ^44^^ [17^ USPQ 679] 
(CCP\ 1972) (dtsclosuK ol genus and one 
spcties V. IS not suiticicnt desLiiption ot inter 
mediate subeenusi In u Gnmmi 274 F2d 
949 912 [124 L SPQ 4W] iC C PA 19(i0) (dis 
closure ot sinele example and statement of 
scope sufficient disclosure ot subsenus). 

[2]Prccedeni illusii i'- il Hi lUmn 
tion of what is needen ir. smipoii iienenc 
claims to biological subieci matiei' depends on 
I \a!ict\ ot litois iiLh .s Ihe existing 
kiKwkdgt in tht piiticuln held the extent 
and content ol the prior art, the maturity ot the 
science or technology, the predictabihty ot the 
aspect at issue, and other considerations ap- 
propnate to the subject matter. See, e.g., In re 
Wallach, 378 F\1 r-30 l"^-3-i ["1 
•USP02d 19391 (Fed, Cir, 2004) (an amino 
acid sequence supports the ^entire genus ot 
DNA sequences" that csin encode, the amino 
aeid sequence because "the state ot the art has 
developed" such that it as a routine matter to 
convert one to the other); University of Roch- 
ester, 358 F.3d at .925 (considering whether 
the patent disclosed the compounds necessary 
lo praclKC ihc chimed method eucn the state 
of technology) Sm^hx B>J< 3171- 3d 
1343 [65.USPQ2d 16411 (Fed. Cir. 2002) (af- 
firramg adequacy of disclosure by distinguish- 
ing precedent in which the selection of a par- 
ticular species within the claimed genus had 
involved "highly unpredictable results ). 

II !S not netcssar\ that \ei^ pejuiuiition 
within a generally operable invention be ef- 
fectix'e in order tor an inventor to obtain a ge- 
neric claim,: provided that the ettect is .sutli- 
ciently demonstrated to: characterize a generic 
invention. See In re Amstadt, 537 F.2d 498, 
504 [190 liSPQ 2141 (CC PA 1976m f he lx 



ampk 



. both 



the 

can conclude from the record ). While the 
Board IS correct that a generic in venuon. re- 
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quires adequate support, the sufficiency of the 
support must be determined tn the partsciilar 
case. Both Lshhar and ('apon ]iresent not only 
general teachings of how lo select and recom- 
binc the DMA, taut also si»cihc examples ol 
the production of specitied chimeric aenes. 
For example Fshiu p m k tliI tm n E\ 
ample 1 of his specilicalion the FcRy chain 
was used, which di»m wiis afriplilied from a 
human cDNA clone, using the procedure of 
Kuster, H. et al., J. Biol. Chem., 265:6448- 
6451 (1990), which is cited in the specifica- 
tion and a-porf- ihc complete scui^'i^. ' ih 
Fi.Ry thai n tshhai s Example I Ki ^pl^ll^ 
the source ot the genes that proviae tnc hcavv 
and hght chains ot the single cham antibodv, 
citing the PhD thesis of Gideon. Oross, a co- 
inventor, which cites a reference providing the 
complete sequence of the Sp6 hght chain gene 
used to construct the single-chain, antibwly. 
Eshhar states that the structure of the Sp6 
heavy chain antibody was well known to 
those ot skill in the art and readily accessible 
on the internet m a database as entry EM- 
ni MMSP6- S rx,mipL ^ al page =5|of Ihc 
Eshhar specihcation cues Ravetch et al., J. 
Exp. Med., 170:481-497 (1989) for the 
method of producing the CD16tt DNA clone 
that was PGR amplihed; this reference pub- 
lished the complete DNA sequence of the 
CD] 6a chain, as disci!S.se(j m parasraph 43 of 
the Eshhar Deciaration. F.xHmple 3 ol the 
Eshhai- specitication uses Uie DNA ol the 
monoclonal anti-HER2 antibody and states 
that the N29 hybridoma that produces this an- 
tibody was deposited with the Collection Na- 
tionale de Cultures de Microorganismes, Insti- 
tut Pasteur, Pans, on Aus?ust 19, 1992, under 
Deposit No. CNCM H262. It is incorrect to 
criticize the methods, examples, and refer- 
enced pnor art of the Eshhar specihcation as 
but "a tew PCR pnmers and probes," as does 
the Dii-ector's brief. 

Capon's Example 3 provides a detailed de- 
■vCiipriun if ttu' crcaiion and expression of 
single Cham antibodv lused with T-ceil recep- 
tor jeta chain, reternng to published vectors 
and procedures. Capon, like Eshhar^ describes 
gene segments and their ligation to form chi- 
meric genes. Although Capon includes fewer 
specific examples an his specification than 
doe^ Fshhai both parties uset' ^llrulaIJ sv, 
terns ot description and identiticaiion. as well 
a's known piocedures tor stiCv imiI 
and linking known DNA seginenis. iiuieed. 



76 USPQ2d 



the Bo. id >■ cptak-d observation that th>^ hi 1 
scope of all ol the claims appears to be ■•en- 
abled" cannot be reconciled with the Board's 
objection that only a "general plan" to coni- 
bine unidentified DNA is presented, .'?f.>^f In ir 
Wands 8'i8 F2d 7^1, 7^6-^ [S USPQ2d 
14001 (Fed Cii 198SJ (cxpeiimentation io 
piaLtKe in\cntfon must not he undue foi 
invention to be consiaeied enabled i. 

Hie PTO points out that for biochehiical 
processes relating to gene modification, pro- 
tcm expression, and immune response, sue 
cess IS not asmued Hi>'Ac\er generic in\en 
iifin'. die not theiehs in\alid PitcedenS distni 
^uishes among gcnciK in\cntTons that arc ad 
equately supported, those that are merely a 
"wish" or "plan," the words ot Fiers v. Revel, 
984 F.2d at 1171, and those in between, as il- 
lustrated by Noelle v. Ledeman. 355 F.3d at 
1350 the facts of the specihc case niust be 
evaluated. The Board dod not discus.s the ge- 
neric concept that both Capon and tshhar de- 
.scribed — the concept ot selecting and com- 
bmmg a gene sequence encoding the variable 
domain of an antibody and a sequence encod- 
ing a lymphocyte activation protein, mto a 
single DNA sequence which, upon expression, 
allows tor immune responses that do not oc- 
cur m nature. The record does not show this 
concept to be m the prior art, and includes ex- 
perimental verihcation as well as potential 
vanabilitv m the concept. 

Whether the inventors demonstrated .sutfi- 
cient generality to support the scope of some 
or all of their claims, must be determined 
claim by claim. The Board thd not discuss. the 
evidence with respect to the aeneraliiv ot the 
invention and riie sii'iiiricrince ot the specific 
exdupvs inst.-ul s npl\ electing all fit 
claims lot I luk of d L(Hni)le!e chimeric DNA 
sequence. As we have discussed, that reason- 
ing IS. inapt for this case. The Boai'd's position 
that the. patents at issue were merely an "invi- 
tation to experiment" did not distinguish 
among the parties' broad and narrow claims, 
and further concerns enablement more than 
written description. See Adani> v. Fischhoft. 
286 F.3d 1346, 1355 [62 USPQ2d i504j (Fed. 
Cir. 2(K)2) (enablement involves ass-essment ot 
whether one of skil! m the art could make and 
use the invention without undue expenmenta- 
tion): In re Wright, 999 F.2d 1557, 1561 [27 
USPQ2d 1510] (Fed. Cir. 1993) (same). Al- 
though She legal cntena of enablement and 
wnllcn description are related and are oitcii 
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NuCar Consulting Inc. v. Doyle 

iDelaware Chancery Court 
No. I9756-NC 
Decided April 5, 2005 

TRADEMARKS AND UNFAIR TRADE 
PRACTICES 

[IJ Irade secrets Elements of trade se- 
cret f§ 40«,.03) 

irade secrets — .Siistt aaid common la.w 

(§ 400.09) 

bndf.r Delaware law, technique or process 
will not qualify as trade secret it it ss gener- 
ally known or readily ascertainable by proper 
means; m present case, plaintifl's "Rewai'ds 
Program," thi-ough which customers of autc^ 
mobile dealerships earn pomts toward new 
cars or gift certiticates with each use ot key 



laj or oliu lokt!) is not t( idL '■i.ui! uithm 
irLmmj! ol Dtlmii. It ak Secias \a o 
De! Code <; 2001 (,4) sinc^ Loinpontit ot pu) 
gram that allows cii.stoitier to cai-n nolnifi and 
component involving plrln^l^l-l iiiiLtn 
with kKal iiieichanis ik pi -i| ^lle^ br > 
chuKsmdhii ibouks a \en ttj LUstoiUi-js \hi 
puiduse Liis \x itk\ ml dLdictshjpi ant! 
pi tuititt h is madi. no eiloit to mamtain sc 
crecy ot alleged trade secrets outlined m 
handbooks and brochures, and since plainult 
contends that manner of communicating data 
between plamttfl and dealerships constitutes 
trade secret, but doe.s not allege that defen- 
dants misappropriated plaintiff's software or 
daiabase management system. 

[2| iVddi stt'-ils - ycint'iiK „■ I'-'dt je- 

cret (§ 400.03) 

iiade >ets — M^ie ."i"^ "on,r>ii< ,n 

400.09) 

Plaiiiiitt s bst ot potential clients tor its cus- 
tomer loyalty program, which is interna! 
document not in public domain; derives inde- 
pendent economic value trom its secrecy, and 
ihciefore qualihcs i<. tiade seciet since p(H- 
tion of list consistme ot automotive or motof- 
\U di k ships \ Is de\t loped thiough in 
teiesi e.\|iiessc() lu pluiniilt during national au- 
tomuhiic ilcdcrs cosnveniion exhibit, and 
throuaii responses Irom annual mailers, since 
pluntitt txpciKLd tt~iO0O to SbOOOO t,ji,h 
year to develop dealer li.si. and since without 
similar expenditure ot time and moncv. defen- 
dant engagmg m same business would have 
been unable to discern which dealerships had 
interest in purchasing customer loyaltv pro- 
gram; plaintiff's failure to designate potential 
client list as confidential during drscoverv 
does not stgmficantly undermine plamtiirs 
trade .secret claim; since plaintiff seeks dam- 
ages rather than injunctive relief, and there i.s 
no evidence that list was disclosed to or used 
by anyone other than defendant diinng rel- 
evant time period. ■ 

13] 7 ..(If 1. 's — Elements of trade se- 
cret (§ 4(K).03> 

Urade secrete — Disclosure and misap- 
propriation (§ 400.07) 

Defendant s use of plaintiff's form contract, 
which plaintilf uses to provide dealers with its 
customer loyalty program, constitutes misap- 
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United States Court of Appeals for the Federal Circuit 



2008-1079 
(Serial No. 08/469,749) 



IN RE KENNETH ALONSO 



Appeal from the United States Patent and Trademark Office, Board of Patent Appeals 
and Interferences in Appeal No. 2006-2148. 



DECIDED: October 30, 2008 



Before MICHEL, Chief Judge . MAYER, Circuit Judge , and STEARNS,* District Judge . 
STEARNS, District Judge . 

Dr. Kenneth Alonso appeals a decision of the United States Patent and 
Trademark Office Board of Patent Appeals and Interferences ("Board") sustaining in 
part the examiner's final rejection of claim 92 of U.S. Patent Application No. 08/469,749 
("749 Application"). In its decision, the Board reversed the examiner's rejection of claim 
92 for lack of enablement and sustained the rejection as invalid for lack of adequate 
written description. Ex parte Alonso . No. 2006-2148 (B.P.A.I. July 25, 2007) 
("Decision"). We affirm. 

I. BACKGROUND 



Honorable Richard G. Stearns, District Judge, United States District Court 
for the District of Massachusetts, sitting by designation. 
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An arsenal of antibodies generated by the immune system defends tine liuman 
body against illnesses caused by bacteria and cancerous cells and other invasive 
agents. Antibodies are large, Y-shaped molecules secreted by white blood cells known 
as "B lymphocytes," or "B-cells." Antibodies are capable of binding to the surfaces of 
foreign cells or other substances known as "antigens." The specific location on the 
surface of the antigen where the antibody attaches is termed the "epitope." The arms of 
the Y-shaped molecule bind to the epitope with specificity. Antibodies that bind to the 
same epitope are said to have the same "idiotype." Monoclonal antibodies ("MAbs") are 
derived from a single precursor and have a single idiotype. They are produced using 
"hybridoma" (fusion) technology. A human-to-human hybridoma is created by fusing a 
human tumor cell to an antibody-producing human B-cell, resulting in secretion by the 
B-cell of monoclonal antibodies with identical affinity and specificity to a given epitope 
on the surface of the tumor cell. 

On June 6, 1995, Dr. Alonso filed the 749 Application entitled, "Method of 

Producing Human-Human Hybridomas, The Production of Monoclonal and Polyclonal 

Antibodies Therefrom, and Therapeutic Use Thereof."^ The claimed invention recites a 

method for treating neurofibrosarcoma, a rare cancer of the sheath of a peripheral 

nerve, that uses human monoclonal antibodies targeted at a patient's tumor. Claim 92 

of the 749 Application discloses 

[a] method of treating neurofibrosarcoma in a human by administering an 
effective amount of a monoclonal antibody idiotypic to the 
neurofibrosarcoma of said human, wherein said monoclonal antibody is 
secreted from a human-human hybridoma derived from the 
neurofibrosarcoma cells. 



^ Alonso claimed priority to an application he filed seven years earlier 
involving similar subject matter. 

2 

2008-1079 



APPEAL BRIEF Serial No. 10/520,085 Evidence Appendix (q) - Page 4 of 12 

In Example 1 of the 749 Specification, Alonso described the preparation of a 
tumor cell suspension from the sample of a tumor and the subsequent sensitization of 
human spleen cells. The sensitized spleen cells are fused with an immortalized cell line 
(e.g., a fetal marrow line, a lymphoblastoid line, or a plasma cell line from myeloma). 
The resulting cells are screened for hybridomas that secrete antibodies specifically 
reactive with the sensitizing tumor cells (and non-reactive with a range of other tissues 
and cell types). Example 2 disclosed the results of an experiment conducted by Alonso 
in treating Melanie Brown, a patient with neurofibrosarcoma. Adult spleen cells were 
sensitized with cells from Brown's tumor. The resulting hybridoma secreted monoclonal 
antibodies, which reacted with a 221 KiloDalton tumor surface antigen. The spleen line 
(AS-151), the lymphoblast fusion line (BM-95), and the hybridoma (HB983) were 
deposited with the American Type Culture Collection in September of 1998. The 
antibody from the hybridoma line was deposited with the Food and Drug 
Administration.^ 

The examiner rejected claim 92 as lacking adequate written descriptive support 
for the broad genus of antibodies encompassed by the claim language. 



^ Alonso infused Brown with 100 mg of the antibody, and cancerous lesions 
in her lungs were cleared within twenty-four hours. In addition. Brown's brain tumor 
became necrotic within seven days, and she experienced a one-month regression of 

her cancer. 
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Applicant is reminded that the disclosure only describes the preparation of 
a single Mab produced by the hybridoma cell line HB983. However, the 
claims are directed toward a much larger genus of molecules (i.e., Mabs 
that bind to a neurofibrosarcoma), not a specific Mab identified by the 
deposited hybridoma. . . . The crux of the rejection is whether or not 
applicant has provided sufficient support for the broadly claimed genus of 
therapeutic anitbodies. As set forth in the rejection, the skilled artisan 
would reasonably conclude that applicant was clearly not in possession of 
the claimed genus of compounds. Applicant should direct the claim 
language toward the only described embodiment (e.g., a Mab produced by 
hybridoma HB983). 

The Board affirmed the rejection, agreeing that Alonso had not adequately described 
the claimed invention because the "single antibody described in the Specification is 
insufficiently representative to provide adequate written descriptive support for the 
genus of antibodies required to practice the claimed invention." Decision , slip op. at 7. 
II. DISCUSSION 

Whether an applicant has complied with the written description requirement is a 
finding of fact, to be analyzed from the perspective of one of ordinary skill in the art as of 
the date of the filing of the application. Regents of the Univ. of Cal. v. Eli Lilly & Co. , 
119 F.3d 1559, 1566 (Fed. Cir. 1997); Vas-Cath. Inc. v. Mahurkar . 935 F.2d 1555, 1563 
(Fed. Cir. 1991). This Court reviews the Board's factual determinations under a 
substantial evidence standard. In re Gartside . 203 F.3d 1305, 1316 (Fed. Cir. 2000). 
"Substantial evidence" is relevant evidence that "a reasonable mind might accept as 
adequate to support a conclusion." at 1312 (citation omitted). In making the 
assessment, we examine "the record as a whole, taking into account evidence that both 
justifies and detracts from an agency's decision." ]d. That a fact finder could draw "two 
inconsistent conclusions from the evidence does not prevent an administrative agency's 
finding from being supported by substantial evidence." jd^ (citation omitted). Rather, 
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the Board's decision must be affirmed if any "reasonable fact finder could have arrived 
at the [same] decision." Id. 

The written description requirement of 35 U.S.C. § 112, II 1, is straightforward: 
"The specification shall contain a written description of the invention . . . ." To satisfy 
this requirement, the specification must describe the Invention In sufficient detail so "that 
one skilled in the art can clearly conclude that the Inventor Invented the claimed 
invention as of the filing date sought." Lockwood v. Am. Airlines, Inc. . 107 F.3d 1565, 
1572 (Fed. Cir. 1997); see also LizardTech. Inc. v. Earth Res. Mapping, Inc. , 424 F.Sd 
1336, 1345 (Fed. Cir. 2005); Eiselstein v. Frank , 52 F.3d 1035, 1039 (Fed. Cir. 1995). 

The requirement "serves a teaching function, as a ' quid pro quo ' In which the 

public Is given 'meaningful disclosure in exchange for being excluded from practicing 

the invention for a limited period of time.'" Univ. of Rochester v. G.D. Searle & Co., Inc. , 

358 F.3d 916, 922 (Fed. Cir. 2004) (quoting Enzo Biochem, Inc. v. GenProbe Inc. , 323 

F.3d 956, 970 (Fed. Cir. 2002)).^ The Board framed the issue raised by the 749 

Application as follows. 

[W]hether the single monoclonal antibody described In the Specification Is 
representative of the genus of monoclonal antibodies required to practice 
the claimed treatment method. That, in turn, depends on whether or not 
the antibodies (and the antigens they bind) would have been expected to 
vary substantially within the genus. The greater the variation in the genus, 
the less representative any particular antibody would be. 

Decision , slip op. at 6. 



^ The requirement Is rigorous, but not exhaustive: "[l]t Is unnecessary to 
spell out every detail of the Invention in the specification; only enough must be included 
to convince a person of skill In the art that the inventor possessed the invention." 
LizardTech , 424 F.Sd at 1345. 
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The Board properly characterized the relevant genus as the "genus of antibodies 

specific to neurofibrosarcoma cells." jd. A genus can be described by disclosing: (1) a 

representative number of species in that genus; or (2) its "relevant identifying 

characteristics," such as "complete or partial structure, other physical and/or chemical 

properties, functional characteristics when coupled with a known or disclosed 

correlation between function and structure, or some combination of such 

characteristics." Enzo , 323 F.3d at 964. 

Relying principally on two scientific articles, including one authored by Alonso 

himself, the Board determined that 

[t]here is ample evidence of record that the specificities of antibodies 
falling within the scope of the genus (and the structures of the antigens 
they bind) would be expected to vary substantially. For example, Osband"^ 
provides evidence of a recognition in the art that considerable antigenic 
"heterogeneity of tumors both between patients and metastatic sites within 
a single patient" is to be expected. In addition, an article authored by 
[Alonso]^ acknowledges that "[t]he efficacy of antibody therapy is thought 
to be related to tumor burden as well as to idiotypic change in the original 
tumor ." This acknowledged heterogeneity is reflected in the goal of the 
claimed method - to raise customized antibodies to possibly unique 
antigens on a particular patient's tumor. 

Finally, as discussed above, for purposes of satisfying the written 
description requirement, it is not enough merely to disclose a method of 
making and identifying compounds capable of being used to practice the 
claimed invention. That is, it is not enough to describe[] the procedure for 
making a human-human hybridoma from neurofibrosarcoma, and teach 
how to determine whether a given antibody, specific to a patient's 
neurofibrosarcoma, will function in the claimed method. We find that the 
single antibody described in the Specification is insufficiently 
representative to provide adequate written descriptive support for the 
genus of antibodies required to practice the claimed invention. 



M.E. Osband and S. Ross, Problems in the Investigational Study and 
Clinical Use of Cancer Immunotherapy . 11 Immunology Today 193-95 (1990). 

^ Kenneth Alonso, Human-Human Monoclonal Antibody Directed Against 
Tumor Surface Antigen in the Treatment of Human Malignancy . 14 American Journal of 
Clinical Oncology 463-71 (1991). 
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Decision , slip op. at 6-7 (internal quotation marks and citations omitted, footnotes 
supplemented). 

The Board's conclusion is supported by substantial evidence. The articles relied 
upon by the Board confirm the hypothesis that the antibodies required to perform 
Alonso's claimed method vary substantially in their composition. We have previously 
held in a similar context that "a patentee of a biotechnological invention cannot 
necessarily claim a genus after only describing a limited number of species because 
there may be unpredictability in the results obtained from species other than those 
specifically enumerated." Noelle v. Lederman . 355 F.3d 1343, 1350 (Fed. Cir. 2004). 

In another similar case, we evaluated claims directed to a method of determining 

whether a drug could selectively inhibit the activity of COX-2, a cyclooxygenase thought 

to be responsible for inflammation associated with arthritis. See Rochester . 358 F.3d at 

917-18. One of the claims at issue was directed to "a method for selectively inhibiting 

[COX-2] activity in a human host, comprising administering a non-steroidal compound 

that selectively inhibits activity of the [COX-2] gene product to a human host in need of 

such treatment." ]d. at 918. We found that the specification lacked written descriptive 

support, agreeing with the district court that 

it is clear from reading the patent that one critical aspect of the method - a 
compound that selectively inhibits [COX-2] activity - was hypothetical, for it 
is clear that the inventors had neither possession nor knowledge of such a 
compound. . . . [T]he claimed method depends upon finding a compound 
that selectively inhibits [COX-2] activity. Without such a compound, it is 
impossible to practice the claimed method of treatment. 

Id. at 926. We further noted that the specification contained "no disclosure of any 

method for making even a single 'non-steroidal compound that selectively inhibits 
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activity of tine [COX-2] gene product,'" and failed to "steer tlie skilled practitioner toward 
compounds that can be used to carry out the claimed methods." Id. at 928, 929. 

Alonso attempts to distinguish his claimed invention from Rochester by 
emphasizing that he reduced his method to practice and identified the resulting 
compound. We are not persuaded by the distinction. "[P]roof of a reduction to practice, 
absent an adequate description in the specification of what is reduced to practice, does 
not serve to describe or identify the invention for purposes of [the written description 
requirement]." Enzo . 323 F.3d at 969.^ Moreover, while it is true that Rochester 
disclosed no compounds that worked with the claimed method, the one compound 
disclosed by Alonso cannot be said to be representative of a densely populated genus. 

In Rochester , we reasoned that while the specification 

describes what can be done with any compounds that may potentially be 
identified through those assays, including formulation into 
pharmaceuticals, routes of administration, estimation of effective dosage, 
and suitable dosage forms ... the '850 patent does not disclose just which 
peptides, polynucleotides, and small organic molecules have the desired 
characteristics of selectively inhibiting [COX-2]. Without such disclosure 
the claimed methods cannot be said to have been described. 

Rochester . 358 F.3d at 927 (internal citation and quotation marks omitted). We 

additionally found that Rochester had failed to present any evidence that one skilled in 



6 The reduction-to-practice argument also implicates § 112's enablement 
requirement. The Board reversed the examiner's rejection of claim 92 for lack of 
enablement. See Decision , slip op. at 12. Alonso argues that the Board's findings as to 
sufficiency of description and enablement are at odds with one another. It is true that 
the written description and enablement requirements "usually rise and fall together. 
That is, a recitation of how to make and use the invention across the full breadth of the 
claim is ordinarily sufficient to demonstrate that the inventor possesses the full scope of 
the invention, and vice versa." LizardTech . 424 F.3d at 1345. However, we have been 
clear that "[ajlthough the legal criteria of enablement and written description are related 
and are often met by the same disclosure, they serve discrete legal requirements." 
Capon V. Eshhar . 418 F.3d 1349, 1360 (Fed. Cir. 2005). "[A]n invention may be 
enabled even though it has not been described." Rochester . 358 F.3d at 921. 
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the art would have been able to Isolate and identify any given compound based on 
Rochester's "vague functional description . . . ." ]d. at 928. Even more recently, we 
held that the written disclosure requirement was not met where the claims at issue 
covered a broad "genus of recombinant plasmids that contain coding sequences for 
DNA polymerase . . . from any bacterial source, [but] the narrow specifications of the 
[relevant patents] only disclose[d] the . . . gene coding sequence from one bacterial 
source . . . ." Carnegie Mellon Univ. v. Hoffman-LaRoche Inc. , 541 F.3d 1115, 1125 
(Fed. Cir. 2008) (emphasis added). 

The same is true here. The specification of the 749 Application does not 
characterize the antigens to which the monoclonal antibodies must bind; it discloses 
only the molecular weight of the one antigen identified in Example 2. This is clearly 
insufficient.^ The specification teaches nothing about the structure, epitope 
characterization, binding affinity, specificity, or pharmacological properties common to 
the large family of antibodies implicated by the method. While Alonso's claim is written 
as a method, the antibodies themselves are described in purely structural language - "a 
monoclonal antibody idiotypic to the neurofibrosarcoma of said human." This sparse 
description of antibody structure in the claim stands in stark contrast to the detailed 
method of making the antibodies found in the specification. 

The Eli Lilly decision is also instructive. In Eli Lillv . the University of California 
laid claim to all vertebrate insulin cDNAs, including the human insulin cDNA, although it 
had identified only the cDNA for rat insulin. See Eli Lilly . 119 F.3d at 1567.^ We ruled 

^ It bears mentioning that the examiner encouraged Alonso to amend his 
claims to cover only the MAb produced by the identified hybridoma. 

® The claims at issue in Eli Lillv were directed to "a recombinant plasmid 
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that the written description requirement was not met because "a description of rat insulin 
cDNA is not a description of the broad classes of vertebrate or mammalian insulin 
cDNA." ]d. at 1568. As in Eli Lilly , the specification of the 749 Application contains 
information about only one compound.^ 

Apart from the representative number of species test applied by the Board, we 
have found adequate written descriptive support for a claimed invention where the 
disclosure specifies "relevant identifying characteristics," such as "complete or partial 
structure, other physical and/or chemical properties, functional characteristics when 
coupled with a known or disclosed correlation between function and structure, or some 
combination of such characteristics ." Enzo . 323 F.3d at 964 (emphasis in original). 
Alonso argues that there is a well-known correlation between the structure and function 
of the neurofibrosarcoma-specific antibodies generated by his disclosed treatment 
method. He maintains that the members of the genus of antibodies directed to a 
particular patient's tumor share the same function - they each bind to a patient's 
neurofibrosarcoma, thereby bolstering the patient's immune mechanism and stimulating 
an attack on the tumor cells. As for structure, Alonso argues that because monoclonal 
antibodies are secreted from a hybridoma made from a particular neurofibrosarcoma. 



replicable in [a] procaryotic host containing within its nucleotide sequence a 
subsequence having the structure of the reverse transcript of an mRNA of a vertebrate, 
which mRNA encodes insulin." Eli Lilly. 119 F.3d at 1563 (emphasis in original). 

^ Alonso cites In re Herschler . 591 F.2d 693 (CCPA 1979), where our 
predecessor court held that the disclosure of a single corticosteroid was sufficient to 
describe the genus of physiologically active steroids that could be used in practicing the 
claimed invention. The court based its decision on the fact that the class of implicated 
compounds was "chemically quite similar." at 701. Alonso argues that the same is 
true with respect to the antibodies generated by a patient's specific neurofibrosarcoma. 
However, he points to no evidence in the record corroborating his "similarity" thesis. 
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the antibodies are necessarily specific. He further argues that there is a "well-known 
correlation between human antibody structure and antibody function." 

Alonso did not raise this structure-function correlation argument in the 
proceedings before the Board. "Failure to advance legal theories before the [B]oard 
constitutes a failure to 'make a complete presentation of the issues,' and permitting a 
party to raise those theories for the first time [after the agency has rendered its final 
decision] would be both inefficient and 'wasteful of administrative and judicial 
resources.'" Boston Scientific Scimed. Inc. v. Medtronic Vascular. Inc. . 497 F.3d 1293, 
1298 (Fed. Cir. 2007). Accordingly, we will not consider this newly minted argument on 
appeal. ^° 

III. CONCLUSION 
For the aforementioned reasons, the decision of the Board is affirmed. 
AFFIRMED . 



10 Even were we tempted to consider the argument, Alonso would not be 
entitled to relief. In Noelle , the applicant claimed a human monoclonal antibody (or 
fragment thereof) secreted from a particular hybridoma that binds to an antigen 
expressed on activated T-cells. The application did not, however, disclose any 
structural information about the human antigen. Noelle . 355 F.3d at 1345-46. It 
described only the mouse antigen. We concluded that the function-structure correlation 
test was not met. 

If [the applicant] had sufficiently described the human form of CD40CR 
antigen, he could have claimed its antibody by simply stating its binding 
affinity for the "fully characterized" antigen. [The applicant] did not 
describe human CD40CR antigen. Therefore, [the applicant] attempted to 
define an unknown by its binding affinity to another unknown. 

Noelle , 355 F.3d at 1349. As Alonso has not pointed to any structure for his claimed 
antibodies, there is no structure to which he may correlate the function of his claimed 

antibodies. 

11 
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Robert J. Gunther Jr., Jeffrey A. Tochner, 
and Kurt M. Rogers, of Latham & Watkins, 
New York, for defendants-appellees Chugai 
Pharma U.S.A. Inc. and Chugai Pharmaceuti- 
cal Co. Ltd. 

Daniel A. Boehnen and Joshua R. Rich, of 
McDonnell Boehnen Hulbert & Berghoff, 
Chicago, 111., for defendant-appellee Bi- 
omerieux Inc. 

Donald R. Ware and Barbara A. Fiacco, of 
Foley Hoag St Eliot, Boston, for defendant- 
appellee Becton Dickinson and Co. 

Frank P. Porcelli, Robert E. HiUman, and 
Charles H. Sanders, of Fish & Richardson, 
Boston, for amicus curiae Fish & Richardson 
P.C. 

Mark S. Davies, attorney, Robert D. Mc- 
Callum Jr.. assistant attorney general, and 
Scott R. Mcintosh, attorney, U.S. Department 
of Justice, Washington, for amicus curiae 
United States in support of rehearing en banc. 

Before Lourie, Dyk, and Prost, circuit 
judges. 

Lourie, J. 

ON PETITION FOR REHEARING 
Enzo Biochem, Inc. petitions for rehearing 
of this appeal following our prior decision, re- 
ported at 285 F.3d 1013, 62 USPQ2d 1289 
(Fed. Cir. 2002), in which we affirmed the de- 
cision of *e United States District Court for 
die Southern District of New York, The dis- 
trict court had granted Gen-Probe Incoqx)- 
rated, Chugai Phanna U.S.A., Inc., Chugai 
Pharmaceutical Co., Ltd., Biomerieux, Inc., 
Biomerieux SA, and Becton Dickinson and 
Company's (collectively, "the defendants' ") 
motion for s,ummar\' judgment that claims 1-6 
of U.S. Patent 4,900,659 are invalid for fail- 
ure to meet the written description require- 
ment of 35 U.S.C. § 112, 1 1. Enzo Biochem, 
Inc. V. Gen-Probe Inc., No. 99 Civ. 4548 
(S.D.N.Y Apr. 4, 20O1) (final order). Having 
considered Enzo's petition for rehearing and 
the defendants' response,' we have deter- 
mined that our prior decision that a deposit 
may not satisfy the written description re- 
quirement was incorrect. We therefore grant 
Enzo's petition for rehearing, vacate the prior 
decision, and reverse the district court's grant 



^ Amicm curiae briefs were filed by the 
United States Patent and Trademark GfBce 
and Fish & Richardson P.C, 



of summary judgment that Enzo's claims are 
invalid for failure to meet the written descrip- 
tion requinsment. Because genuine issues of 
material fact exist regarding satisfaction of the 
written descri|rtion requirement, we remand. 

BACKGROUND 
Enzo is the assignee of the '659 patent, 
which is directed to nucleic acid probes that 
selectively hybridize to the genetic material of 
the bacteria that cause gonorrhea, Neisseria 
gonorrhoeae. N. gonorrhoeae reportedly has 
between eighty and ninety-three percent ho- 
mology with Neisseria meningitidis. '659 
patent, col, 2, 11. 61-64. Such a high degree of 
homology has made detection of N. gonor- 
rhoeae difficult, as any probe capable of de- 
tecting N. gonorrhoeae may also show a posi- 
tive result when only N. meningitidis is 
present. Enzo recognized the need for a chro- 
mosomal DNA pr<*e specific for N. gonor- 
rhoeae, and it derived three such sequences 
that preferentially hybridized to six common 
strains of N. gonorrhoeae over six common 
strains of N. meningitidis. Id. at col. 3, 1. 49 to 
col, 4, 1. 14; col, 4, 11. 45-50. The inventors be- 
lieved that if the preferential hybridization ra- 
tio of N. gonorrhoeae to N. meningitidis were 
greater than about five to one, then the "dis- 
crete nucleotide sequence [would] hybridize 
to virtually all strains of Neisseria gonor- 
rhoeae and to no strain of Neisseria meningi- 
tidi-'i." Id at col. 12, II. 60-65. The three se- 
quences that the inventors actually derived 
had a selective hyhridizaiiau ratio of greater 
than fifty. Id. at col, 13, 11. 9-15. Enzo depos- 
ited those sequences in the form of a recombi- 
nant DNA molecule within an E. coli bacterial 
host at the American Type Culture Collection. 
Id. at col. 13, U. 27-31. 
Claim 1 is as follows: 
1. A composition of matter that is specific 
for Neisseria gonorrhoeae comprising at 
least one nucleotide sequence for which 
the ratio of the amount of said sequence 
which hybridizes to chromosomal DNA 
of Neisseria gonorrhoeae to the amount 
of said sequence which hybridizes to 
chromosomal DNA of Neisseria meningi- 
tidis is greater than about five, said ratio 
being obtained by a method comprising 
the following steps; 
. (a) providing a radioactively labeled 
form of said nucleotide sequence; 
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(b) providing a serial dilution "series of 
purified chromosomal DNA from each of 
&e AT. gonorrhoeae strains; (!) ATCC 
53420, (2j ATCC 53421. (3) ATCC 
53422. (4) ATCC 53423, (5) ATCC 
53424, (6) ATCC 53425, and forming 
test dots from each of said dilution series 
on a matrix; 

(c) providing a serial dilution scries of 
purified nucleotide sequences from each 
of the N. meningitidis strains: (1) ATCC 
53414, (2) ATCC 53415, (3) ATCC 
53416, (4) ATCC 53417, (5) ATCC 
53418, (6) ATCC 53419, and forming 
test dots from each of said dilution series 
on a matrix; 

(d) hybridizing equal portions of the la- 
beled nucleotide sequences to the matrix 
provided in step (b) and (c), respectively; 
wherein the hybridization is conducted in 
a solution having a salt concentration of 
2X SSC at (i) 65-0. in cases in which the 
sequence has greMer than 50 base pairs 
or (ii) at Tin ('C.) minus 3p°C, in cases 
in which the sequence has less than 50 
base pairs, wherein Tm is the dcnatur- 
ation tempwature of the sequence; 

(e) quantifying the labeled nucleotide se- 
quence hybridized in step (d) to each test 
dot; 

(f) subtracting from the data of step (e) 
an averaged amount of radioactivity at- 
tributable to background to obtain a cor- 
rected amount of hybridized radioactivity 
2X each test dot; 

(g) normalizing flic data of step (f) by 
multiplying the amount of correrted ra- 
dioactivity at each test dot by a factor 
which adjusts the amount of radioactivity 
to equal amounts of chromosomal DNA 
at each test dot; 

(h) selecting two normalized values that 
are most nearly the same and that cotk- 
spond to adjacent members of the dilu- 
tion series for each of the above strains 
of N. gonorrhoeae and obtaining the av- 
erage of the selected values; 

(i) selecting two normalized values that 
are most nearly the same and that corre- 
spond to adjacent members of die dilu- 
tion series for each of the above strains 
of N. meningitidis and obtaining the av- 
erage of the selected values; 



0) dividing the lowest average obtained 
in step (h) by the highest average ob- 
tained in step (i) to obtain said ratio. 
Id at col. 27, 1. 29 to col. 28, 1. 27 (emphasis 
added). Claims 2 and 3 depend from claim I 
and further limit the hybridization ratio to 
greater than about twenty-five and fifty, re- 
spectively. Id. at col. 2, 11. 27-30. Claim 4 is 
directed to the three deposited sequences (ref- 
erenced by their accession numbers) and vari- 
ants thereof as follows: 

4. The composition of claim 1 wherein said 
nucleotide sequences are selected from the 
group consisting of: 

a. the Neisseria gonormheae [sic] DNA in- 
sert of ATCC 53409. ATCC 53410 and 
ATCC 53411, and discrete nucleotide sab- 
sequences thereof. 

b. mutated discrete nucleotide sequences of 
any of the foregoing inserts th^ are within 
said hybridization ratio and subsequences 
thereof; and 

c. mixtures thereof. 
Id at col. 28, 11. 31-39. Claim 5 is directed to 
an assay for detection of N. gonorrhoeae us- 
ing the composition of claim 1. Id &t 11. 40- 
48. Claim 6 further limits the tnediod of claim 
5 to the nucleotide sequences fliat Enzo de- 
posited those in claim 4) and variants 
thereof. Id at 11. 47-56. 

Enzo sued the defendants for infringement 
of the '659 patent, and the defendants moved 
for summary judgment that the claims were 
invalid for failure to meet the written descrip- 
tion requirement of 35 U.S.C. § 112, ^ 1. The 
district court, in oral remarks from the bench, 
gi-anted that motion. Tr. of Hr'g at 42, Enzo 
Biochem, Inc. v. Gen-Probe, Inc., No. 99-CV- 
4548 (S.D.N. Y. Jan. 24, 2001), It concluded 
that the claimed composition of matter was 
defined only by its biological activity or func- 
tion, viz., the ability to hybridize to N. gonor- 
rhoeae in a ratio of better than about five with 
respect to N. meningitidis, which it was held 
was insufHcient to satisfy the § 112, J 1 re- 
quirement set forth in diis court's holdings in 
Regents of the University of California v. Eli 
Lilly & Co., 119 F.3d 1559, 43 USPQ2d 1398 
(Fed, Cir. 1997), Fiers v. Revel, 984 F.2d 
1164, 25 USPQ2d 1601 (Fed. Cir. 1993), and 
Amgen, Inc. v. Chugai Pharmaceutical Co., 
927 F.2d 1200, 18 USPQ2d 1016 (Fed. Cir. 
1^1). Tr. of Hr'g at 28. TTie court rejected 
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Enzo's argument that the reference in the 
specification to the deposits of bioiogical ma- 
terials in a public depository inherently dis- 
closed that the inventors were in possession of 
the claimed sequences. l± at 35. It distin- 
guished this court's precedents conceming de- 
posits as relatog to the enablejnent require- 
ment of § 112, 1 \. Id. at 38-40. lExao ap- 
pealed to this court; we have jurisdiction 
pursuant to 28 U.S.C. § 1295 (a)Cl). 
DISCUSSION 

Summary judgment is appropriate when 
there is no genuine issue of material fact and 
the moving party is entitled to judgment as a 
matter of law. Fed. R. Civ. P. 56(c); Anderson 
V. Liberty Lobby. Inc., 477 U.S. 242, 247-48 
{ 1 986). On motion for suimnary judgment, the 
court views the evidence and any disputed 
factual issues in the light most favorable to the 
party opposing the motion, Matsushita Elec. 
Indus. Co. V. Zenith Radio Corp., 475 U.S. 
574, 587 (1986). A pateiU is presumed to be 
valid, 35 U.S.C. § 282 (1994), and this pre- 
sumption can be overcome only by facts sup- 
ported by clear and convincing evidence to 
the contrary, see, e.g., WMS Gaming, Inc. v. 
bu-l Game Tech., 184 F.3d 1339, 1355, 51 
USPQ2d 1385, 1396-97 (Fed. Cir. 1999). 
Compliance with the written description re- 
quirement is a question of fact. Vas-Cath Inc. 
V. Mahurkar, 935 F.2d 1555, 1563, 19 
USPQ2d 1111, 1116 (Fed. Cir. 1991). 

Enzo argues that the testimony of its expert, 
Dr. Wetmer, raised a genuine factual issue 
whether the reference to the deposits inher- 
ently described the claimed nucleotide se- 
quences. Enzo also argues that its description 
of the bitiding affinity of the claimed nucle- 
otide sequences satisfies the requirement set 
forth in the Guidelines for Examination of 
Patent Applications Under the 35 U.S.C. 112, 
1 1 "Written Description" Requirement, 66 
Fed. Reg. 1099 (Jan. 5. 2001) ("Guidelines"). 
Enzo asserts that the court erred in not evalu- 
ating the patentability of the claims separately, 
pointing out that claims 4 and 6 are directed 
So the three deposited sequences and varia- 
tions and mixmres thereof. Enzo further as- 
serts that the claims per se meet the written 
description requirement because they appear 
in ipsis verbis in the written description. Enzo 
also argues that this court's articulation of ttie 
written descrii«ton requirement for genetic 
material in Eli Lilly should not apply to this 
case because Enzo redured the invention to 



practice and deposited the derived biological 
materials, thereby demonstrating its "posses- 
sion" of the invention. 

Tlie defendants respond that the district 
court properly granted summary judgment be- 
cause the patent described the claimed nucle- 
otide sequences only by their fimction, which 
they state is insufficient to meet the require- 
ments of § 112, 1 I as a matter of law, even 
as to the narrower claims directed to the de- 
posited materials. The defendants also assert 
that Dr. Wetmur's opinion thai the deposited 
genetic materials could have been sequenced 
did not cure the actual failure of the inventors 
to identify them by some distinguishing char- 
acteristic, such as their structure. Moreover, 
the defendants point cmt that claims 4 and 6, 
which are directed to the deposited materials, 
each cover a broad genus of nucleic acids. The 
defendants also urge that in ipsis verbis sup- 
port for the claims in the specification does 
not per se establish compliance with the writ- 
ten description requirement. Finally, the de- 
fendants assert that the district court did not 
err in its determination that Enzo's "posses- 
sion" of three nucleotide sequences that it re- 
duced to practice and deposited nevertheless 
did not satisfy the written description require- 
ment of § 112,1 1. 

The written description requirement of 
§ 112,1 1 is set forth as follows: 

The specification shall contain a written de- 
scription of the invention, and of the man- 
ner and process of making and using it, in 
such full, clear, concise, and exact terms as 
to enable any person skilled in the art to 
which it pertains or with which it is most 
nearly connected, to make and use the 
same, and shall set forth the best mode con- 
templated by the inventor of carrying out 
his invention. 
35 U.S.C. § 112, 1 1 (1994) (emphasis added). 
We have interpreted that section as requiring a 
"wiitten description" of an invention separate 
from enablement. Vas-Cath, 935 F.2d at 1563, 
19 USPQ2d at 1117 (recognizing the sever- 
ability of the "written description" and "en- 
ablement" provisions of § 112, 1 1). Compli- 
ance with the written description requirement 
is essentially a fact-based inquiry that will 
"necessarily vary depending on the nawre of 
the invention clainwd." Id. (citing In re DiLe- 
one, 436 F.2d 1404, 1405, 168 USPQ 592, 
593 (CCPA 1971)). We have also previously 
considered the written description requirement 
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as applied to certain biotechnology patents, in 
which a gene material has been defined only 
by a statement of function or result, and have 
held that such a statement alone did not ad- 
equately describe the claimed invention. Eli 
LUfy, 119 F.3d at 1568, 43 USPQ2d at 1406. 
In Eli Lilly, we concluded that a claim to a mi- 
croorganism containing a human insulin 
cDNA was not adequately described by a 
statement that the invention included human 
insulin cDNA. Id. at 1567, 43 USPQ2d at 
1405. The recitation of the term human insu- 
lin cDNA conveyed no distinguishing infor- 
mation about the identity of the claimed DNA 
sequence, such as its relevant structural or 
physical characteristics. Id. We stated that an 
adequate written description of genetic mate- 
rial " 'requires a precise definition, such as by 
structure, formula, chemical name, or physical 
properties,' not a mere wish or plan for obtain- 
mg the claimed chemical invention," and that 
none of Aose descriptions appe^ed in that 
patent. Id. at 1566, 43 USPQ2d at 1404 (quot- 
mg Fiers, 984 F.2d at 1171. 25 USPQ2d at 
1606). The specification in the Eli Lilly case 
thus did not show that the inventors had pos- 
""■-m of human insulin cDN.A, 
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[1] It is not correct, however, that all func- 
tional descriptions of genetic material fail to 
meet the written description requirement. The 
Fl 0 has issued Guidelines governing its in- 
ternal practice for addressing that issue. The 
Guidelines, like the Manual of Patent Exam- 
imng Procedure (-MPEP"), are not binding 
on this court, but may be given judicial notice 
to the extent they do not conflict with the stat- 
ute. See Molins PLC v. Textrort, Inc., 48 F.3d 
1172, 1180 n.lO. 33 USPQ2d 1823, 1828 n.lO 
(Fed. Cir. 1995). In its Guidelines, the PTO 
has determined that the written description re- 
quirement can be met by "siiow[ingJ that an 
invention is complete by disclosure of suifi- 
ciently detailed, relevant identifying charac- 
tenstics , . . i.e, complete or partial structure, 
other physical and/or chemical properties. 
funclional characteristics when coupled with 
a known or disclosed correlation between 
function and structure, or some combination 
of such characteristics." Guidelines, 66 Fed. 
Reg. at 1106 (emphasis added). For example, 
the PTO would find compliance with § 112, 5 
1, for a claim to an "isolated antibody capable 
Of bindmg to antigen X," notwithstanding the 
tunctional definition of the antibody, in light 
of 'tte well (feiined structural characteristics 



for the live classes of antibody, the functional 
characteristics of antibody binding, and the 
fact that the antibody technology is well de- 
veloped and mature." Synopsis of Application 
of Written Description Guidelines, at 60, 
available at http://www,uspto.gov/web/ 
patents/guides.htm ("Application of Guide- 
lines"). Thus, under the Guidelines, the writ- 
ten descriiMion requirement would be met for 
all of the claims of the '659 patent if the func- 
tional characteristic of preferential binding to 
M. gonorrhoeae over A', meningitidis were 
coupled with a disclosed correlation between 
that function and a structure that is sufficiently 
known ot disclosed We are persuaded by the 
Guidelines on fliis point and adopt the PTO's 
applicable standard for determining compli- 
ance with the written description requirement. 

Applying those principles, we first inquire 
whether Enzo's deposits of the claimed nucle- 
otide sequences of claims 4 and 6 may consti- 
tute an adequate description of those se- 
quences. Secondly, we will consider whether 
the description requirement is met for all of 
the claims on the basis of the functional abil- 
ity of the claimed nucleotide sequences to hy- 
bridize to strains of N. gonorrhoeae that are 
accessible by deposit. 

[2] As to the first question, Enzo asserts 
that the claimed sequences are inherently de- 
scribed by reference to dejwsits of three se- 
quences that are within the scope of its claims 
Whether reference to a deposit of a nucleotide 
sequence may adequately describe that se- 
quence is an issue of first impression in this 
court. In light of the history of biological de- 
posits: for patent purposes, the goals of the 
patent law, and the practical difficulties of de- 
scnbmg unique biological materials in a writ- 
ten description, we hold that reference in the 
specification to a deposit in a public deposi- 
tory, which makes its contents accessible to 
the public when it is not otherwise available 
m written form, constitutes an adequate de- 
scription of the deposited material sufficient to 
comply with the written description require- 
ment of § 112,1 1- 

The practice of depositing biological mate- 
nal arose primarily to satisfy the enablement 
requirement of § 1 12, 1 1. For example, in In 
re Argoudelis, the patent applic^ion claimed 
antibiotic compounds that were produced by a 
microorganism. 434 F.2d 1390, 1390 168 
USPQ 99, 100 (CCPA 1970). The applicants 
deposited the microoiganism because they 
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could not "sufficiently disclose by written 
word how to obtain the microorganism start- 
ing material from nature." Id. at 1392, 168 
USPQ m 102. By making the biological mate- 
rial accessible to the public, they enabled the 
public to make and use the claimed antibiot- 
ics, Id. at 1393, 168 USPQ at 102-03, In Am- 
gen, we noted the relevance of deposit prac- 
tice to satisfaction of the enablement require- 
ment but iBjected the defendants' argument 
that a deposit was necessary ui that case to 
satisfy the best mode requirement of § 112, ^ 
1. See 927 F,2d at 1210, 18 USPQ2d al 1024; 
see also In re Lundak, 773 R2d 1216, 1217, 
227 USPQ 90, 92 (Fed, Or. 1985) (discussing 
deposit practice primarily in relation to an en- 
ablement rejection and noting that "ta]n ac- 
cession number and deposit date add nothing 
to the written description of the invention" in 
the context of proven availability of a cell line 
prior to filing date). 

Recognizing the importance of biological 
deposits to patent practice, the PTO has pro- 
mulgated nilM to address the procedural re- 
quirements relating to such deposits, but it has 
declined to expressly correlate substantive re- 
quirements relating to deposits with particular 
statutory requirements. See Deposit of Bio- 
logical Materials for Patent Purposes, 53 Fed. 
Reg. 39,420, 39,425 (Oct, 6, 1988) (notice of 
proposed rules) (codified at 37 C.FR. Part 1) 
("The rules are not intended to address which 
requirements of 35 U.S.C. 112 may be met by 
the making of deposits."). The Office does of- 
fer guidance, however, in determining when a 
deposit may be necessary, such as "[w]here 
the invention involves a biological material 
and words alone cannot sufficiently describe 
how to make and use the invention in a repro- 
ducible nranner." MPEP § 2402 (8th ed. Aug. 
2001). The pro has also issued a regulation 
stating when a deposit is not necessary, i.e., 
"if it is known and readily available to the 
pubUc or can be made or isolated without un- 
due experimentation." 37 C.F.R. § 1, 802(b) 
(2001). Inventions that cannot reasonably be 
enabled by a description in written form in the 
specification, but that rtiherwise meet the re- 
quirements for patent protection, may be de- 
scribed in surrogate form by a deposit that is 
incorporated by reference into the specihca- 
tion. While deposit in a public depository 
most often has pertained to satisfaction of the 
enablement requirement, we have concluded 
that reference in the specification to a deposit 



may also satisfy the written description re- 
quirement with respect to a claimed material. 

In this case, Enzo's deposits were incorpo- 
rated by reference in the specification, A per- 
son of skill in the art, reading the accession 
numbers in the patent specification, can obtain 
the claimed sequences from the ATCC deposi- 
tory by following the appropriate techniques 
to excise the nucleotide sequences from the 
deposited organisms containing those se- 
quences, '659 patent, col, 13, 11. 27-36. The 
sequences are thus accessible from the disclo- 
sure in the specification. ASthough the struc- 
tures of those sequences, i.e., the exact nucle- 
otide base pairs, are not expressly set forth in 
the specification, those structures may not 
have been reasonably obtainable and in any 
event were not known to Enzo when it filed its 
applic^ion in 1986, See '659 patent, col. 3, 11, 
40-46 (noting sdvere time constraints in se- 
quencing DNA). We therefore agree with 
Enzo that reference in the specification to de- 
posits of nucleotide sequences describe diose 
sequences suffidendy to the public for pur- 
poses of meeting the written description re- 
quirement. 

As the defendants point out, however, En- 
zo's claims 4 and 6 are ntrt limited to the de- 
posited sequences. Claim 4 is directed to 
nucleotide sequences that are selected from 
the group consisting of the three deposited se- 
quences, "discrete nucleotide subsequences 
thereof . . . mutated discrete nucleotide se- 
quences of any of the foregoing inserts that 
are within said hybridization ratio and subse- 
quences thereof[,] and . , . mixtures thereof" 
'659 patent, col. 28, II. 31-39. Claim 6 is also 
similarly direcled to the three deposited se- 
quences and subsequences and mitlaied varia- 
tions thereof. Id. at 11, 47-56, The specification 
defines a subsequence non-specifically as a 
nucleotide sequence "greater than about 12 
nucleotides," '659 patent, col. 3, il, 29-30. As 
the deposited sequences are about 850, 850, 
and 1300 nucleotides long, id. at col. 13, 11. 
47-49, there are at least hundreds of subse- 
quences of the deposited sequences, an un- 
known number of which might also meet the 
claimed hybridization ratio. Moreover. Enzo's 
expert. Dr. Wetmur, stated that "astronomi- 
cal" numbers of mutated variations of the de- 
posited sequences also fall within the scope of 
those claims, and that such broad claim scope 
is necessary to adequately protect Enzo's in- 
vention from copyists who could otherwise 
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make a minor diange to the sequence and the broader invention consisting of mamma- 
t^l^. avoid mlhngement while still exploit- iian and vertebrate cDNA, although it was a 



ing the benefits of Enzo's invention. The de- 
fendants assert that such breadth is fatal to the 
adequacy of the written description. On the 
other hand, because the deposited sequences 
are described by virtue of a reference to their 



species falling within the scope of those 
claims, Eli Lilly, 119 K3d at 1567-68, 43 
USPQ2d at 1405. In Eli Lilly, the specification 
and generic claims to all cDNAs encoding for 
vertebrate or mammalian insulin did not de- 



having been deposited, it may well be that scribe the claimed genus because they did not 

vanous subsequences, mutations, and mix- set forth any common features possLs d bv 

^Tof sSrthTr"w.^.^d distinguS tterJ 

L !„ leT > f Vf- l^^^^ fr"'" ofl^^fs- at 1568, 43 USPQ2d at 1405 

mand. Because the dislnct court's grant of number of species within the very broad ee- 

summary judgment was based on its conclu- nus to indicate that the n^Zr^r. LT 

J.n that Enzo's deposits could not satisfy the I? 2y hal ^J- 

summary judgmentthatclaims4andlarei;: '^q^ Znir. hvtrh^i'-T' ^"l' 



tion requirement On remand, the court should 
determine whether a person of skill in the art 
would glean from the written description, in- 
cluding information obtainable from the de- 
posits of the claimed sequences, subse- 
quences, mutated variants, and mixtures suffi- 
cient to demonstrate possession of the generic 
scope of the claims. 

We next address die question whether the 
compositions of the broader genus claims 1-3 
and 5 are sufficiently descrttjed to meet the re- 
quirements of § 112. 1 1, ph the basis of En- 



of Application of Written Description Guide- 
lines in which the description requirement is 
not met. See Application of Guidelines, Ex- 
ample 17, at 61-64. The PTO has also pro- 
vided a contrasting example of genus claims 
to nucleic acids based on their hybridization 
properties, and has determined that such 
claims may be adequately described if they 
hybridize under highly stringent conditions to 
known sequences because such conditions 
dictate that all species within the genus will be 

A..^^.; f.u - ■ structurally similar. 5ee W.. Example 9, at 35- 

nuJt^ " seque^cs. If those se- 37. Whether the disclosure provided by the 

quences are representative. of the scope of the three deposits in tWs case, coupled with the 
gentis dmms, ,.e. .f they indicate that the pat- skill of ^ art, descnbes tiie goner of aim 
entee has mvented species sufficient to eonsti- 1-3 and 5 is a fact question L distnct court 
S?sSnf ^f'^i^.,'"'^ be representative of did not address. On remand, the district court 

merefore descnptive of genus claims). Be- adequately descnbed, recognizing the si.nifi. 



cause the district court concluded that the de- 
posited sequences were not themselves de- 
scribed, it did not detennine whether that de- 
scription was representative of the genera in 
those claims. Such determination should be 
made on remand. 



cance of the deposits and the scope of the 
claims. 

Enzo argues that all of the claims are ad- 
equately described on another basis, viz., by 
means of the disclosed correlation of the func- 
tion of hybridization with the bacterial DNA. 
petition for rehearing, Enzo states a 



When we addressed a similar issue in Eli 

^ S«SS,^J„ttS,* of T' "^T?' »»■, "0 

__! aescniKive of daimmg of biological materials by their afBn- 

2w„A. . ^ . ity to other materials that are clearly identified 

hrp Jr "'"^ "^^^^^ specification and claims (the particular 

SiSs'^ft^n?''''"'"'''"'^"""'" «e«/«g/r,V/«) inherently'specities struck.; 

description is before m. and is routine in this field" Claim 1 sets forth 
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the deposit iiuiiibers of six strains of N. gon- 
orrhoeae to which the claiiEecI nucleotide se- 
quences preferentially hybridize, as well as 
the deposit numbers of six strains of N. men- 
ingitidis that are thereby distinguished. Again, 
as with the claimed nucleotide sequences, the 
sequences of the genomic DNA of those bac- 
teria are not disclosed, perhaps because such 
sequencing would have been unduly burden- 
some at the time of Enzo's invention. '059 
patent, col. 3, 11, 40-46 (noting that it would 
take 3,000 scientists one month to sequence 
the genome of one strain of N. gonorrhoeae 
and one strain of N. meningitidis). However, 
as those bacteria were dep(xsited. their bacte- 
rial genome is accessible and, under our hold- 
ing today, they are adequately described in the 
specification by their accession numbers. Be- 
cause the claimed nucleotide sequences pref- 
erentially bind to the genomic DNA of the de- 
posited strains of N. gonorrhoeae and have a 
complementary structural relationship with 
that DNA, those sequences, under the PTO 
Guidelines, may also be adequately dcscnbcd. 
Although the patent specification lacks de- 
scription of the location along the bacterial 
DNA to which the claimed sequences bind, 
Enzo has sX least raised a genuine issue of ma- 
terial fact as to whether a reasonable fact- 
finder could conclude thiU the claimed se- 
quences are described by their af;ility to h>'- 
bridize to structures thai, while not explicitly 
sequenced, are accessible to the public. Such 
hybridization to disclosed organisms may 
meet the PTO's Guidelines staling that func- 
tional claiming is permissible when the 
claimed material hybridizes to a disclosed 
substrate. That is a fact question. We therefore 
conclude that the district court erred in grant- 
ing summary judgment that the claims are in- 
valid for failure to meet the written descrip- 
tion requirement. On remand, the com t sliould 
consider whether one of skill in the art would 
find the generically claimed sequences de- 
scribed on the basis of Enzo's disclosure of 
the hybridization function and an accessible 
structure, consistent with the PTO Guidelines, 
if so, the written description requirement 
would be met. 

[3] We next address Enzo's additional argu- 
ment that the written description requirement 
for the generic claims is necessarily met as a 
matter of law because the claim language ap- 
pears in ipsis verbis in the specification. We 
do not agree. Even if a claim is supported by 



the specification, the language of the specifi- 
cation, to the extent possible, must describe 
the claimed invention so that one skilled in the 
art can recognize what is claimed. The appear- 
ance of mere indistinct words in a specifica- 
tion or a claim, even an original claim, does 
not necessarily satisfy that requirement. One 
may consider examples from die chemical 
arts. A description of an anti-inflammatory 
steroid, i.e., a steroid (a generic structural 
term) described even in terras of its function 
of lessening inflammation of tissues fails to 
distinguish any steroid from others having the 
same activity or function. Similarly, the ex- 
pression "an antibiotic penicillin" fails to dis- 
tinguish a particular penicillin molecule ftom 
others possessing the same activity, A descrip- 
tion of what a material does, rather than of 
what it is, usually does not sufiSce. Eli Lilly, 
119 F.3d at 1568. 43 USPQ2d at 1406. Hie 
disclosure must allow one skilled in the art to 
visualize or recognize the identity of the sub- 
ject matter purportedly described. Id. 

In Eli Lilly, we were faced with a set of 
facts in which the words of the claim alone 
did not convey an adequate description of the 
invention. Id. at 1567, 43 USPQ2d at 1405. In 
such a situation, regardless whether the claim 
appears in the original specification and is 
thus supported by the specification as of the 

See Guidelines at 1100 (noting Eli Lilly's 
clarification of the "original claim" doctrine 
in situations in which the name of the claimed 
material does not convey sufiicient identifying 
information). If a purported description of an 
invention does not meet the requirements of 
the statute, the fact that it appears as an origi- 
nal claim or in the specification does not save 
it. A claim does not become more descriptive 
by its repetition, or its longevity. 

Inasmuch as § 112, 1 I requires such de- 
scription, we are not persuaded by Enzo's ar- 
gument that, because the specification indi- 
cated that Enzo "possessed" the claimed in- 
vention by reducing three sequences within 
the scope of the claims to practice, Enzo nec- 
essarily described the invention. It is true that 
in Vas-Cath, we stated: "The purpose of the 
'written description' requirement is broader 
than to merely explain how to 'make and u.se'; 
the applicant must also convey with reason- 
able clarity to diose skilled in the art that, as 
of die filing date sought, he or she was in pos- 
session of the invention." Vas-Cath, 935 R2d 
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at 1563-64, 19 USPQ2d at 1117. That portion 
of the opinion in Vm-Caih, however, merely 
States & purpose of the written description re- 
quirement, viz,, to ensure that the applicant 
had possession of the invention as of the de- 
sired filing 'date. It does not stale that posses- 
sion alone is always sufficient to meet that re- 
quirement. Furthermore, in Lockwood v. 
AmeHcan Airlines, Inc., we rejected Lock- 
wood's argument that "all that is necessary to 
satisfy the description requirement is to show 
that one is 'in possession' of the invention." 
107 F.3d 1565, 1572, 41 USPQ2d 1961, 1966 
(Fed. Cir. 1997). Rather, we clarilied that the 
written description requirement is satisfied by 
ihe patentee's disclosure of "such descriptive 
means as words, structures, figures, diagrams 
formulas, etc., that ftilly set forth the claimed 
invention." Id. 

Tlie articulation of the written description 
requirement in terms of "possession" is espe- 
cially meaningful when a patentee is claiming 
entitlement to an earlier filing date under 35 
U.S.C. §§119 or 120, in interferences m 
which the issue is whether a count is sup- 
ported by the specification of one or more of 
the parties, and in ex parte applications in 
which a claim at issue was filed subsequent to 
the application, See Vas-Cath, 935 F2d at 
1560, 19 USPQ2d at 1114 (describing situa- 
tions m which the written description require- 
ment may arise); Ralston Purina Co. v. Far- 
Mar-Co, Inc., 772 F.ld 1570, 1575 227 
USPQ 177, 179 (Fed. Gr. !9S5:. iuci^u^ in 
the .nt. M^.l.rran ,itl„.ruoth pri- 
ority date of an ..rlier applicaiwn. that the 
wntten description requirement is met if "the 
disclosure of the application relied upon rea- 
sonably conveys to the artisan that the inven- 
tor had possession at diat time of the later 
claimed subject matter"). Application of the 
wntten description requirement, however, is 
not subsumed by the "possession" inquiry. A 
showing of "possession" is ancillary to the 
staiutory mandate that "{tjhe speciHcation 
shall contain a written description of the in- 
vention," and diat requirement is not met if, 
despite a showing of possession, the specifica- 
tion does not adequately describe the claimed 
invention. After all, as indicated above, one 
can show possession of an invention by means 
of an alfidavit or declaration during prosecu- 
tion, as one does in an interference or when 
one files an affidavit under 37 C.F.R. § 1.131 
to antedate a reference. However, such a 
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showing of possession alone does not cure the 
lack of a written description in the specifica- 
tion, as required by statute. 

[4] Similarly, we conclude that proof of a 
reduction to practice, absent an adequate de- 
scnpEion in the specification of what is re- 
duced to practice, does not serve to describe 
invention for purposes of 
9 112, 1 1. As with "possession," proof of a 
reduction to practice may show priority of in- 
vention or allow one to antedate a reference, 
but It does not by itself provide a written de- 
scription in the patent specification. We are 
thus not persuaded by Enzo's argument, rely- 
ing on the PTO's Guidelines, that its disclo- 
sure of an actual reduction to practice is an 
important "safe haven" by which it has dem- 
onstrated compliance with the description re- 
quirement. The Guidelines state: 
Actual reduction to practice may be crucial 
in the relatively rare instances where the 
level of knowledge and level of skill are 
such that those of skill in the art cannot de- 
scribe a composition structurally, or specify 
a pi-ocess of making a composition by nam- 
ing components and combining steps, in 
such a way as to distinguish the composi- 
tion with particularity from all others. 
Guidelines, 66 Fed. Reg, at 1 101. For biologi- 
cal mventions, for which providing a descrip- 
tion in written fom is not practicable, one 
may nevertheless comply with the written de- 
scnption requirement by publicly depositing 
the biological material, as we have held today. 
That compliance is grounded on the fact of the 
deposit and the accession number in the speci- 
fication, not because a reduction to practice 
has occurred. Such description is the quid pro 
quo of the patent system; the public must re- 
ceive meaningftii disclosure in exchange for 
bemg excluded from practicing (he invention 
for a limitwi period of time. 



CONCLUSION 
For the foregoing reasons, we conclude that 
the distnct court erred in granting summary 
judgment that the claims of the '659 p^nt are 
mvalid for failure to meet the written descrip- 
tion requirement of § 112, 1[ 1. While the dis- 
trict judge cleariy understood and correctly 
applied this court's existing precedent, we 
nevertheless reverse because this case has 
taken us into new territory and we have held, 
as a matter of first impression, that reference 
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in a patent specification to a deposit of genetic 
material may suffice to describe that material. 
We therefore remand for further resolution 
consistent with this opinion. 

REVERSED and REMANDED 
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(Non-precedential) 

PATENTS 

[1] PatentabilityA'alldity — Specification 
— Written description (§ 115.1103) 
Petition for rehearing is granted, and re- 
quest for rehearing en banc is denied, in ac- 
tion in wliich appcliaic panel held chat deposit 
of biological nialcnals in public depository 
does not necessarily satisfy written descrip- 
tion requirement of 35 U.S.C. § 112, and that 
claims for nucleic add probes which are de- 
scribed solely in terms of their ability to selec- 
tively hybridize to genetic material of bacteria 
th^ cause gonorrhea do not satisfy written de- 
scription requirement. 



Appeal from the U.S. District Court for the 
Southern District of New York, Hellerstein, J. 

Action by Enzo Biochem Inc. against Gen- 
Probe Inc., Chugai Pharma U.S.A. Inc., Chu- 
gai Pharmaceutical Co. Ltd., Biomerieux Inc., 
Becton Dickinson and Co., and Biomerieux 
SA for patent infringement. Summary judg- 
ment of patent invalidity was affirmed on ap- 
peal in pane! opinion issued April 2, 2002 (62 
USPQ2d 1289). On plaintiff-appellant's peti- 
tion for rehearing, case was referred to merits 
panel that heard appeal, and panel vacated its 
decision and prepared revised decision for is- 
suance (63 USPQ2d 1609). Court declined to 
hear case en banc; Lourie, J., joined by New- 
man, J., concurring in th^ decision in separate 
opinion; Newman, J., concurring in separate 
opmion; Dyk, J., ooncuning in separate opin- 
ion; Rader, 1., joined by Gajarsa and Linn, JJ., 



dissenting in separate opinion; Liim, J., joined 
by Rader and Gajarsa, JJ., dissenting in sepa- 
rate opinion. 

[Editor's Note: The U.S. Court of Appeals 
for the Federal Circuit has itidicated that this 
order is not citable as precedent.] 

ON FEimON FOR REHEARING 

ORDER 

A petition for rehearing was filed by the 
plaintiff-appellant, and a response thereto was 
invited by the court and fiied by the 
defendants-appellees. The". United States 
Patent and Trademark Office and Fish & Ri- 
chardson PC, filed briefs as amici curiae. This 
matter was referred first to the merits panel 
that heard this appeal, which vacated its ear- 
lier decision and prepared a revised decision 
for issuance. Thereafter, at the request of a 
non-panel judge, an eh banc poll was con- 
ducted concerning whether the appeal ought 
to be heard en banc. The poll failed, Circuit 
Judges RADER, GAJARSA, and LINN 
would have heard the appeal en banc. 

Upon consideradon thereof, 

rr iS ORDERED THAT: 

[1] The petition for rehearing is granted as 
set forth in the panel opinion issued concur- 
rently with this order. 

LOURIE, Circuit Judge, with whom NEW- 
MAN, Circuit Judge, joins, filed an opinion 
concurring in the court's decision not to hear 
the case en banc. 

NEWMAN, Circuil Judge, filed an opinion 
concurring in that decision. 

DYK, Circuit Judge, filed an opinion con- 
curring in that decision. 

RADER, Circuit Judge, with whom GA- 
JARSA and LINN, Circuit Judges, join, filed 
an opinion dissenting from that decision. 

LINN, Circuit Judge, with whom RADER 
and GAJARSA, Circuit Judges, join, filed an 
opinion dissenting front th^ decision. 

Lourie, J., with, wliom Newman, J., joins, 
concurring in the c(Hirt's decision not to 
hear the case en banc, 

I agree that the court correctly declined to 
hear this casse en banc. 

First, it is important to note that the earlier 
panel majority, in response to the petition for 
rehearing, has reversed its eariier decision. 
Taking the case en banc would therefore de- 
lay and hence frustrate the remand of the case 



qiialitv as -worklsi ol visual art' iindci- .the 
statute ri SC s 101 fdcfiniiv wok 
oi- M'.ual ajt u t 1 (11 1 I ni I ui 
drawing, pntu. or sculpture, existins m a 
single copy, m a limited edition of 200 copies 
or tewer that are signed and consecutively 
numbered by the author . . . ), 

H. LEAVE rO AMEND 

[11] Although generally disfavored.-- the 
Court has discretion to grant a paity leave to 
amend its complaint even after that complaint 
is dismissed on summary judgment. In this 
case, the Court finds reason to do so. First, the 
Court recognizes that, because ot di-tic n i.n.<; 
in the complaint described above, tramine the 
issues has proved difScult and to a large ex- 
tent overshadowed resolving those issues. It is 
conceivable that a properly framed complaint 
might raise triable issues with regard to some 
of the claims that pose the difficulties dis- 
cussed above, although in much more limited 
scope. Second, the Court noieb that, because 
Ahercrombie insisted on pn>ceeUing with its 
motion for summary judgment before it had 
sotight any discovery, discovery in this case 
was relatively modest Ordinarily, the type of 
cliallenge to the complaint mounted here 
arises in the context of Rule 12 motions for 
dismissal for failure to state a claim or for 
judgment on the pleadings, in which case the 
Court routinely gi:ants leave to replead unless 
it determines that any amendment would be 
futile. Accordingly, the Court shall stay the 
entry of judgment in this case for 30 days to 
allow Maharishi to consider whether it is able 
to remedy the defects with respect only to its 
claims for trade dress infringement, unfair 
competition and trade dress dilution, and, if 
so, to file a motion for leave to amend the 
complaint. In the event Maharishi fails to file 
a motion for leave to amend in that time, or 
otherwise indicates to the Court that it elects 
not to do so, the Court will issue an amended 
and final judgment in this case in favor of 
Abercrombie. 



^'See, e.g., Freeman v, Continental Gin Co., 381 
F.2d 459, 469-70 (5th Cir. 1967) ("Much of the value 
of summary judgment procedure in the cases for which 
it is appropriate . . . would be dissipated if a party were 
free to rely on one theory in an attempt to defect a mo- 
tion for summary judgment and then, shraild that theory 
prove unsound, come back long thereafter and fight on 
the basis of some other tiieory.") 



IV. ORDER 
For the reasons discussed; it is hi-L-hv ^ ' ■ 
ORDERED that the motion of dclctitrtiV' 
Abercrombie & T'ttch romp.ni\- i-ji - '"%„'.r 
^jombtt &. rrtuh Sto cs. Inc. '(colJectively 
Ahei tombic J foi summary judgment dis' 
missm° -til of the dams of the complaint 
herein is granted and the complaint i>; dh 
mtsstd it tN ftirther i ": . 

ORDERED that entiy of judgment shall be 
stayed tor thirty (30> days from ili: dj.^. .,| 
this Order to permit plaintiff Mahat ishi Haidy 
Blechman Ltd. ("Mahanshi") to file -a r>v„-~,; 
for leave to amend its complaint with rc.p;,.,. 
to Its claims for trade dress infringement, w- 
tait tompetitinn and trade dress dilution. In 
the event Mahanshi tails to file sach a mct'on, 
or otherwise indicates to the Court that k 
elects not to do so. the Court shall isiiUs an 
amended judgment in tavor of Abercron-J x u 
to al! claims. 
SO ORDERED. 
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PATENTS 

[1] PatentabilitjA'alldity ~ Specifinitiou 
— Written description (§ 115.1103} 
Patent claim directed to any antibody which, 
is capable of binding to particular antigen hass 
sufScient support in written description tli% 
discloses "fully characterized" antigens; tiiiis^;, 
if applicant has disclosed fully characterizsd.:,. 
antigen, either by structure, formula, chemiph?! 
name, or physical properties, or by depositingiK! 
protein in public depository, then applicani 
can claim antibody by ius binding affinity to 
that described antigen. 

[2] PatentabaityA'alidity — Date af invcn;, 
tion — In general (§ 115.0401) 
PatentabilityA'alidity — Spccifiwtion - 
Written dtfNcr3piir.ii i§ j|5.11(»3) 

Applicant's claims to human lorra of 
"CD40CR" antibody in continuation applica- 
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rV. ORDER 

'or the reasons discussed it is bcicbs 
mOERED thai ihc m-jtioii ot detendgni. 
^rcrombie & Fitch Companv and Aber 
nbie & Fitch Stores, Inc., (coJlectivdy 
)ercrombie"; for summary judgment dis' 
;ing an of the claims of the corapiaint 
:in is granted and the compiasnt is dis- 
ied; it is further 

'RDERED that entry of judgment <;haU li- 
ed for thirty (30) days frotn the date of 
Order to perimt platnulf Mahanshi Hardv 
;hman Ltd. CMaharish!") to tile a motion 
eave to amend it.s complaint with respect 
s claims for trade dress mfringement un- 
compeiition, and trade dress dilution In 
;vent Maharislu lails to Me such a motion, 
itherwise iiitlicatcs to the Court tliat it 
;s not to do so, the Court shall issue an 
ided judgment m favor of Abercrombie as 
1 claims. 

ORDERED. 



lie V. Lederman 

U.S. Court of Appeals 
Federal Circuit 
No. 02-1187 
Decided January 20, 2004 

ENTS 

'atentabilityA'alidity — Specification 
— Written description f § 115.1103) 

eiu claim directed to any antibody which 
labie of binding to particular antigen has 
lent support m wntfen description that 
)ses "fully characterized" antigens; thus. 
)iicant has disclosed fiiKy chaM. i/ J 
;n,, either by structure, formula chemical 
, or physical properties, or bv ciepostting 
n in public depository, then applicant 
laim antibody by its binding affinity to 
escribed antigen. 

srtentabilityAaiiditj — Date of invei- 
ion — In general (§ 115.0401) 

entabilityA^ahditv - Spouh-.at.o — 
Vrltten dcst , ip»ion (s |iO?> 

5licant's claims to human form ot 
OCR" antibody m continuation, applica- 



tion are not supportca bv written oescription 
;ri nrior apphcation. even though earlier appU- 
cation stated that human -CD40CR antibody 
binds to hutnan (,D-4()CK antigen, smce prior, 
tipplication. which onh' described mouse 
CD40CR antigen, dia not disclose -'iullv' 
characterized human CD4UCR antiaen. and 
cince application therefore atiempiea to detine 
one unknown by if-s binding affiQity to another 
unknown; moreovei; applicant cannot, claim 
genus form of CD40CR antibody -trom de- 
scription of mouse CD40CR antigen, since 
palentee ol biotechnoiogical invention cannot 
necessarily claim genus after descnbing onlv 
limited number ot species, m that there may 
be unpredictability ui results obtained trom 
spLtitv L hei Ih 111 thi >L spL nc UK Lnimici 
ated. 

[31 Practice and procedure m Patent and 
Irademark Olfice — Interference — 
Rules and rules practice {*! 110.1704) 

Board ot Patent Appeals and Ititerterences 
,1 Titi n|_li d i\o < IV teM m findms: 

senior party s patent and lunior partv s appli- 
t-itnn s iL b 1 J Linip n d that pel son ol 
^.kiU 111 1 1 t ill h L licked leison 

able expectation ot success in obtaining senior 
party's ciauned human toim of "CD40C,R" 
antibody ii pixniued with junior party s 
claimed mouse C.D40CR antibody and screen- 
ing techniques cited by junior party; even 
though board was not required to conduct sec- 
ond prong of test m oider to find no 
interference-m-fact. it nonetheless found that 
person of skill m art would have lacked rea- 
sonable expeciaiton ol success m owammg 
junior party s mouse (. Lf4iis k aiuihixlv ir 
prOMded Wit i ^ i r i lU 1 uiu d h imui 
CD40CR antibody and same screening meth- 
ods. 

[4] Practice and procedure in Patent and 
Trademark Office . — Interference — 
Rales and rules practice (§ 110.1704) 

PatentabilityA'alidity — Obvionsness — 
Relevant prior art — Particular inven- 
tions (§ 115.0903.03) 

Board of Patent Appeals and Interferences 

correctiv found no interference-m-fact be- 

CDH Lk aitih 11 . u 1(1 o h le 
fused to consider methods ol antigen isolation _ 



that were toundm specihcation of junior par- 
ty's prior application, but were not disclosed 
in jumor party's claims, and since, given state 
of prior art at time of junior party's applica- 
tion.- person of: ordinary skill tn art would not 
havevhad reasonable hkelihood ot success m 
isolating human CD40CR antibodies from 
mouse CD40CR antigen ■ and its antibodies 
disclosed m junior partv s application. 

Particular patents >— Chemical — Hu- 
man antihodv 

5.474.771. Lederman. Chess, and Yellin, 
murine monoclonal antibody (5c8) recognizes 
a human glvcoprotem on the suiiace of 
l-lvmphoeytesi compositions containing 
same, tinding ol no interference-m-tact with 
application no. 08/742.48G, in interference no. 
104.415. aflirmed. 



Appeal trom the U.S, Patent and Trademark 
Otfice, Board ot Patent Appeals and Interier- 
ences. 

Patent interference proceeding tno. 
104.415) between Randolph J. Noelle (appli- 
cation no. ()8/742,48t)). junior party, and Seth 
Lederman. Leonard C.;hess. and Michael J. 
Yeilm (patent no. 5.474.771). senior party. 
Junior party appeals from finding of no 
mterterence-m-fact. AfGrmed. 

E. Anthony Figg and Glenn E. Karta, of 
Rothweil, Figg, Ernst &. ManbecR, Washing- 
ton, D.C., for appellant. 

James F. Haley Jr., Margaret A. Pierri. Jane 
I. Gunnison, and Stanley Den-Kua Liang, ot 
Fish & Neave. New York. N.Y.: .Tohn P. 
V 11' ot Coopu Dunham New "^uiL for 
appellees. 

Before Clevenger, Bryson, and Gajarsa, cir- 
cuit judges. 

Gajarsa, J. 

This is an appeal from an interference pro- 
ceeding involving the claims ot United States 
Patent Application Serial Mo. 0S/742.4S0 (the 
"'480 apphcation' ), ana United States Patent 
No. 5,474;771 (the- "771 patent"). Randolph 
J. Noelle ("Noelle") is the mventor named on 
the '480 application. Seth Lederman, Leonard 
Chess, and Michael J. Yellin (collectively 
Lederman ) are the inventors named on the 
771 patent. JNoelle appeals the decision of the 
Umted States Patent and Trademark Office, 
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Board of Patent Appeals and Interferences 
( Board ), finding no interference^n-fact be- 
tween the '480 application and the 771 patent 
m J^^^o^^ ^^'^""^ ^2. 53.-56, 59, and 60 
ot the 480 application pursuant to 35 U S r 
§ 102(b) (2000). Noelle v. Lederman, Inmier'- 

fromn '^^^'-:^''- P^^' -^PP- & I"t-Oct. 
l y, 2001), Because the decision of the Board 
IS supported by substantial evidence and is not 
contrary to law, we aflSrm. 

BACKGROUND 

A. Antibodies 

This case relates to antibodies and their role 
in the immune response system. A vertebrate's 
immune system serves to identify and destroy 
foreign mvadmg organisms and neutralize the 
toxic molecules they produce. Antibodies 
Which are proteins also referred to as immu' 
nogiobulm-s ('Ig-), serve to designate foreign 
particle.s, broadly refeired to as antigens for 
destruction by oilier components of the' im- 
mune system such as lymphocvtcs. ' Lympho- 
cytes, otherwise known as white bJood c«lls 
produce antibodies and destroy antigens.' 
T-cells and B-cells arc the two types of lym- 
phocytes needed for antibody production. One 
specific type of T-coll is the helper T-cell 
Helper T-cells recognize antigens and then in- 
duce B-ceils to produce antibodies through a 
series ot events! First the helper T-cell is acti 
vated after it recognizes an antigen. Once ac- 
tivated, the helper t-cell activates the B-celi 
by a combinatioi) of binding with the B-ceil 
and secreting signaling molecules. Once the 
e-ceil IS activated, it differentiates,^ prolifer- 
ates and produces antibodies specific to a par- 
ticular antigen. The antibodies then circulate 
111 the bloodstream and permeate other bodily 
fluids, where they bind to the antigen, thereby 
flagging It for destruction. ^ 

The present interference involves comoet- 
ing claims to an antibody ('•CD40CR anti- 
body") that represses the cell-to-cell signaling 
interaction between helper T-cells and B-ce!ls 



J, helper T^ceils. CD4()Cr' 
actsasa'-key--tounl„ckaprot^S^*«^^^^^^^ 
located on the surface of resting B-^eil. n ^ ■ ■ 
CD40CR antigen and CD40 bind, th . =^ 
begins down the pathway to dsfferMtnt ' 
prohferation, and antibody producti^rT."' ' 
CD40CR antibody binds to the CD4S ' ■ ■ 
gen located on the T-cell surface, therehv il'" ■■ 
hibi^mg Its ability to bind to the CD-X 
tor located on the testing B-cell. B-cellS' 
not then become activated, thereby prevenrin ^ 

CD40CR antibodies are useful for ireatino ; ■ 
hyperactive immune system that causes a i^^ 
gic reactions and autoimmune diseases' 



For additional background on the function of anti- 
bod.es as^well as methods of isoiating antibodies see 
in re W.. 858 F.2d 731, 733-34 [8 USPQ^i li^m 

^F^ Cir" ^-"^ ''''' r23i 

^ Cell differentiation is she process of modifying a 
cell s structure and function in order for it to 
more .specialt^ed and specific to. the invading., arniger 



B. The Interference 

Noelle^ -480 application was filed Noveni-^ ' 
berUm-nie '480 application is a conC : 
ation of apphcation Serial No. 08/33S 97^ 

004 ^",^PP'*'^^'*<^"")' filed November* 14 
1994, which IS m turn a continuation of apnii- « ^ • 
cation Serial No. 07/835.799 ("the 799 aroli ' '^-^'-''^ 
cation'), filed on February 14 1997 tiJ' ^ ■ ■■'^^^^^ 

claims of Noelle's '480 application di: ■ :.S 

reeled to the genus, murine ("mouse"), chi- ■W;.-,: 
mcnc ("hybrid"), humanized, and human 
fonns of the C:D40CR monoclonal amibodv : 

Noelle also claims the hybridonuil * cell Imes 

that produce the CD4!)CR antibody. 

Lederman s 771 issued p^uent ha, m etttc 
tive filing daie of Novemfvi 1 5 mg| i 
man's 771 patent describes and claim., the Im- 
rnan form of CD40CR monoclonal atUibody 
(the 5c8 antibody"). The \-H aunbnds hi„d. 
to the 5c8 antigen located on tha suii^tec of 
activated T cells and therchy inhibiis T cell 
acnvation of B cells." Ai.so. Lederman ciamis 
a hybndomal cell line created to produce 
monoclonal antibody 5c8. 

"CD40CR antigen is also referred to as "Cmj 

ply ;-CD40CR.- Lederman uses the tenii ScH -Mi- ^--M-: 
gen" or "T-B cdJ-acEivating mdecuie" ("ITBAM-i . 
designate the 30-kiiodalton human fo™ of CD40CR ^'^ti^ 

antigen. Noelle uses the term "gpVj- (otyccprctoH v, 

the 39-kilodalti..n mouse form of 

CD40CR antigen. 

* A hybridoma is a maD-madc lis.sue cuiture consist- 
ing of cancerous B-cells fiisMl to B-celh prfvdiicinAi^c W& 
anhbody of choice. A hybridoma produces utiKmi'sJ 

amounts of a desired "monoclonaS" entiho<iy Set !iy-. : . 

bntech, 802 E2d at 1368-69 (expiaining the method i:» :. 
creating and using hybridomas). 
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D40GR antigen ^ . ^ 
:)t resting, helper T-cells. CD40CR antigen 
;ts as a "key" to unlock a protein f^'CD40") 
cated on the surface of resting B-ceJis Once 
D40CR antigen and CD40 bind, the B-cell 
sgins down the pathway to differentiation 
oliferation, and antibody production The 
D40CR antibody binds to the CD40CR anti 
:n located on the T-ceil surface, thereby in 
biting its ability to bind to the CD40 reeep 
:■ located on the resting B-celi B -cells can 
t then become activated, thereby preventing 
5 B-celi from prockicing antibodies^ 
)40CR antibodies are useful for treating a 
peractive immune system Jhat causes aller- 
; reactions and autoimmune diseases 

The Interference 

Sioelle's '480 application was filed Novem^ 

■ 1, 1996. The '480 application is a contmu- 
>n of application Scnal No. Qm^%<n% 
he '975 application"), filed Noveinber 14 
M, which is in turn a continuation of appli- 
ion Serial No. 07/835,799 C"the '799 appli- 
ion"), filed on Febraary 14, 1992 The 
ims of Noelle's '480 application are di- 
ted to the genus, murine ("mouse"\ chi- 
:ic ("hybrid"), humanized, and human 
ns of the CD4QCR monoclonal antibody 
;lle also claims the hybridomal cell lines 

: produce the CD4QCR antibody 
.edennan's '771 issued oatent has an effec- 

filing date of November 15. 1991. Leder- 
I's '771 patent describes and claims the hu- 
i form of CD40CR moinx-lonal antibody 

"5c8 antibody"). The i.s mtiboiK binds 
the 5c8 antigen located on tlie surface of 
.'ated T cell.^ and thereby inhibits T cell 
.'ation of B cells." .Also, l.ederman claims 
ybridntnal cell line created to produce 
oclonal antibody 5c8. 

:D40CR antigen is also referred to as "CD40 
:er receptor," "CD40 ligand." "CD40L," and sim- 
■CD40CR. " Lederman uses ttte term "5c8 anti- 
or "T-B ceH-activating mcie^u-; 'T-BAM ) to 
tiate the 30-kiJodalton human fomi of CD40CR 
in. Noolle uses the term "gp39" (glycoprotein -W 
to describe the 39-ki]odaiton mouse form of 
CR antigen. 

hybridoma is a man-made tissue ciiltLire consist- 

■ cancerous B-cells fused to B-celh producing the 
idy of choice. A hybridoma produces uniimited 
Its of a desired, "monoclonal" antibody. See By- 
K 802 F.2d at 1368-69 (explaining tbe method for 
ig and using hybridomas). 
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Oti September 3, 1999, an mteiference was 
declared by the United Stales Palenf and 

Trademark Office f'USPTO'n between the is- 
--u L J uni^ L^d ti 1? "^1 pdt.nt and 
\ lit ^ 1 ippliL tin Nidic 'a'; desig 
i-iHied me junior party and Lederman was des- 
lanaied the senior party based on their eliec- 
iivc Jilmg dates. The USPTO established ojily 
one count m the interference. The count reads 

I he monoclonal antibody of claim 1 ol 
5,474.771 or the monoclonal antibody of 
claim 42 or claim 51 of 08/742,480. 

Claim i of Lederman's '771 patent reads as 
follows: 

A monoclonal antibody, which specidcallv 
binds and forms a complex with the 5c8 an- 
tigen located on the surface of activated T 
cells and thereby inhibits T eel! activation 
of B cells, the 5c8 antigen being an antigen 
to which monoclonal antibody 5c8 (ATCC 
Accession No. HB 10916) specifically 



A monoclonal antibody or fragment thereof 
which specifically binds to an antigen ex- 
pressed OTX activated T cells, wherein said 
antigen is specifically bound by the mono- 
clonal antibody secreted by hybridoma 
MR I which hybndoma has been deposited 
and accorded ATCC Accession No., HB 
1 1048. 



A monoclonal antibody or fragmenf thefeof 
which specifically binds CD40CR. ■ . 

Claim 52 of Noeile s 480 application reads 
as follows: 

The monoclonal antibody or irasmeni ot 
Claim 51, wherein said CD40CR is .\ 
pressed by activated human T cells. , 
For sake of the simplicity. Claitn 1 ol Led- 
erman's '771 patent and Claim 52 of Noelle's 
'480 application will be referred to as claims 
to die "hiiman" form of CD40CR antibody. 
Clairas 42 and 51 of Noelle's '480 application 
will be referred to as claims to the "mouse" 
and "genus" forms of CD40CR antibody. re- 
spectively. '-' 



On June 28, 2001 the Board held a hearing 
to dispose 0.1 the parties' ivrehminarv motions; 
Ledeiman mo\ed to ha\e Nucllt s tkmis a 
jetted and '.ought to tedehnc the tount I ^V^. 
\Msc Not He also sought tn ba\ th tounl le 
dehned. The Board denied Lederman's mo- 
tions for judgment against Noeile s mouse 
claims for lack of wntten descnption, lack of 
enablement, and indefimtcness. See 35 U.S.C, 
§ 112 (2000) The Boird found that Ledeimui 
had tailed to dcmonsti itt, that tbt. m mst. 
claims in Noeile s ISO ipplicition tiikJ is 
comply witli 35 b.S.C. ?) 112. paragraphs {!) 
and (2) as ol Novemb. i 1 1990 tht diic No 
el!e filed his '480 application. Tlie Board, 
however, determined that the human and ge- 
nus claims in Noeile s 480 appla ition laiied 
to (.omph with the wntteu destinrtion le 
quncment puisuanl to ^5 U S C 1 12 pdt„ 
graph (1). as ot February 14. 1992. die date 
Noelle filed the previous 799 application. The 
Board made a detailed analysis of this court's 
precedent pertaining to the doctrine of wntten 
descnption, focusing on the notdms; from ke- 
gents of the University of CaiiTomia v. tii 
Lilly & Co. that an "adequate wriiien aescri]> 
tion of a DNA sequence claim requires a pre- 
cise dehnition, such as stmctiire. tormula, 
dicminl nniL m physK d pinpulies " 119 
F3d l'^i9 i 166 [13 1 SlVld 1 ^9hJ (t-ed Cir 
1997j. The Board analogized the DNA claims 
from Regents to the antibodies in Noelle's ap- 
plication. Accordmgly, the Board held that 
Noelle's claims regarding the genus ana hu- 
man claims from the 480 application lacked 



ndest 



t in thc 



of Noelle b earlier /99 application because 
Noelle failed to describe any structural fea- 
tures of the human or genus antibodies or an- 
tigens. In other words, the Board fo.und that 
the claims covering the genus and .human an- 
tibodies constituted new matter because they 
lacked adequate .written description, in No- 
elle's earlier 799. application. The Board- did 
not reject the claims, , but rather denied them 
the benefit of the earlier faling date of Noeile 
'799. . 

Nexti the Board addressed the implication 
of finding a lack of written description tor the 
genus and human claims m Noelle's '480 ap- 
plication. The Boaixl determined that the 
claims to the human ma genus forms of 
CD40CR antibody in Noelle's '480 applica- 
tion were anticipated by either Lederman '77 1, 
which claims priority to U.S. Application 07/ 
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792,728, tiled November Ki, 1991, or Arrnil- 
age 5,961,974 (the "!974 patent"), which 
claims priority to U.S. applications 07/ 
783.707 and 07/805,723 (iied October 25, 
19<J1, and UetemhcM- 5. 1991, respectively. 
Noelle had noi atrempEed to distinguish his 
human and genus claims trom the prior art 
and had conceded that Ledennan 771 and Ar- 
rmiLige '974 woula anticipate those claims if 
llie '480 application were not afforded the ear- 
lier filing date of Noelle's '799 application. 
Thus, the Board found the genus and human 
tiaims of Noelle's '480 application to be an- 
ricipated under 35 U.S.C. § 102(b) by the two 
torms of prior art and, as a result, rejected the 
claims to the human and genus forms of 
CiKOCR antibodies and their respective cell 
Imes pursuant to 37 C.F.R. § 1.641. 

On October 19, 2001. the Board ruled on 
the motions remaining from the previous hear 
ing. The Boai-d had determin«i in its pieviou'^ 
hearing that the deferred motions were es<;en- 
tially requests to decide whether an 
interference-in-fact existed between the two 
parties' c'auns LedeiiiMii iher '.uihJi...', h.s 
pending motions and tiled a new mkiIhui re- 
questing that the Board find no interference- 
in-fact. - ■ 

The Board concluded from the evidence 
submitted that there was no intefference-ih- 
fact. The Board reasoned iha! a person of or- 
dinar> skjl! i-i th. la^^.f,! , ieas,nnable ex- 
peciation ot Mu.e;-y:, e-t ijlii ::irmig the other 
party's claiiucd uiveiition given the state of 
the art at the time. The Board noted diree dif- 
ferent methods disclosed in Noelle's '480 
specification by which a person of ordinary 
skill in the art could have isolated the human 
form of the CD40C:r antibody given the 
mouse version of the CD40CR antibody. Dr. 
Fxlward A. Qark, Noelle's expert, declared 
that a person skilled in the art wouJd have had 
a reasonable expec!;iiioti of sncce'.'; m isolat- 
ing human CD40CR antibod}^ by itniizing the 
methods disclosed in Noelle's specification. 

Fiisi, Clark testified that humari CD40CR 
antibody could be isolated by inmiuiiizing a 
host witlj human CD40CR antigen expressing 
cells or cell lines and selecting the antibody to 
■hf CD4()C:R antigen by funelionaJ or eornpc- 
tition binding with CD40-Ig.'^ Xcxt. Clark 
suggested methods of making and isolating 



antibodies using affinity purified human 
CD40CR antigen; Last, Dr. Clark declared 
that one skilled in the ait could use the mouse 
CD40CR antibody or CD40-Ie to done 
CD40CR amigen DNA using a method known 
as expression ciomng. 

The Board found that one skilled in the art 
would not have had a reasonable expectation 
of success of isolating human CD40CR anti- 
bodies given the mouse form of CD40CR an- 
tigen. At ttie outset, the Board reasoned that 
any reference to Noelle's own specification ss 
prior art was improper because the specifica- 
tions underlying the respective claims cannot 
be considered "prior art" and an interference- 
in-fact analysis requires the comparison be- 
tween the parties' claims, not their specifica- 
tions. In re Viiect 947 F.2d 488, 493 [\) 
USPQ2d 1438] (Fed. Cir. 1991). Neverthe- 
less, the Board refuted the three methods dis- 
closed in Noelle's specification and endorsed 
by Clark. First, the Board found that the Im- 
munization technique found in the prior ait 
would be ineffective because, at the relevant 
time, one skilled in the art would not have had 
a reasonable expectation of success of idfenti- 
fying the activated T-cells that produced the 
required ,CD4qCR antigen or of isolating the 
antigen itself.' Second, the Board found that it 
would have been "extremely difBcuIt" for a 
person of ordinary .skill in the art to isolate 
successfully CD40-Ig, which, as Noelle as- 
serted, could then be used to obtain the 
claimed CD40CR antibodies. Third, the Board 
cited statements made during the prosecution 
of Armitage application 07/969,703 for . the 
proposition that a skilled artisan could net 
have used expression cloning to isolate 
CD40CR antibody with, a reasonable likeli- 
hood of success. 

Thus, the Board determined that a person of 
ordinary skill m the art would not have been 
reasonably likely to isolate human CD40CR 
antiboily given Noelle's claimed invention of 
tnouse CD4()C.:R antibody,: As a result^ the 
Board found no .uiterference-in-fact between 
Noelle's remaining murine CD40CR antibody 
clam . and Lcderman's claim to the human 
form of CD40CR antibody, Noelle timely ap- 
pealed to this court and we have junsdsctioii 
under 28 U.S.C. § 1295(a)(4)(A) (2000). . 



LIJ4U-lg IS a Jusion protein vviierejn a rnrlicn of. 
the CD40 rtceptor is tused to an imiuunogiubuiin (ig), 
CDtO-Tg L.s ihemtorc iM expressed on tiie surfitccoi' a 
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antibodies using affinity purified .human 
CP40CR antigen.. Last, Dr. Clark declared 
that one skilled in the art could use the mouse 
GD40GR antibody:. or CD40-Ig to clone 
CD40CR antigen DNA using a method known 
as expression cloning. 

The Board found' that one skilled in the art 
would not have had a reasonable expectadon 
of success of isolating human CD40CR anti- 
bodies given the mouse form of CD40CR an- 
tigen. At the outset, the Board reasoned that 
any reference to Noelle s owb specification as 
pilot art was improper because the specifica- 
iion.s underlying the respective claims cannot 
be considered -pnor art'' and an interterencp- 
in-tact analysis requires the comparison be- 
tween the. parties' claims, not their specihca- 
tions. In re Vaeck, 947 F.2d 488. 493 [20 
USPQ2d 14381 (Fed., Cir. 1991), Neverthe- 
less, the Board refuted the three methods dis- 
3lQsed m Noelle s speciJication and endorsed 
by Clark. Fmst. the Board found that the im- 
munizaaon technique found in the prior art 
would be metfcctive beeause. at the relevant 
ime, one skilled in ihc art would not have had 
I lea^sonabk- cxpectiUioii ot success of identi- 
ying the activaieci T-cclls that produced the 
■equired (;IJ40CR antieen or of jsolatina the 
tntigen itself .Second, the Board Idimd th.at ii 
vould have been -cxtrejiielv difticult" for a 
)erson ol ordinaiv skill in the art to isolate 
:ucces.sti:illy CD40-lg. which, as Noelle as- 
lerted, could then be used to obtain the 
■lamied CD40CR antibodies, Third, the Board 
ated statements ..made during the prosecution 
if Armitage application 07/969.70,3 for the 
iroposition that a skilled artisan could not 
lave used expression cloning to isolate 
}D40CR anttbody with a reasonable likeli- 
lood ot success. 

Thus, the Board determined that a person of 
irdinary skill in the art would not have been 
easonablv likeiv to isolate human CD40CR 
nubody given Noelle's claimed invention of 
louse CD40CR antibody. As a result, the 
ioard Eouritl no interrerence-m-fact between 
Joelle;s remaining raunne CD40CR antibody 
laim and Lcderman's claim to the human 
arm of CD40CR antibody. Noeile timely ap- 
ealed to this court and we have lurisdiction 
nder 28 U.S.C. § 1295(a)(4)(A) (2000). . 

-cei! out rather is cssenually a soluble, free-floating 



DISCUSSION ■ 
Whether a specificatio.n complies with the 
written description i-equirement of 35 U.S.C. 
§ 112, paragraph (1), is a question of fact, 
Vas-Caih Inc. v. Mahurkar, 935 F.2d 1555, 
1562 [19 USPQ2d 1111] (Fed. Cir. 1991), and 
IS, m appeals from the Board, reviewed under 
[he substantial evidence standard. In re Gan- 
ude, 203 hid 1305, 1315 [53 USPQ2d 1769] 
(Fed. Cir. 2000). To apply a- substantial evi- 
dence standard, this court must "exarain[e] 
the record as a whole, taking into account evi- 
dence that both justifies and detracts from an 
agency's decision." Id. ai 1312. A reviewing 
court must ask . "whether a reasonable fact 
finder could have arrived at the agency's deci- 
sion." Id. "[T]he possibility of drawing two 
inconsistent conclusiciiis from the evidence 
does not prevent an administrative . agency's 
finding from being supported by substantia! 
evidence." Id. 

A. Entitlement to- Priority - 

The written description requitieraent has 
been defined many times by this court, but 
perhaps most clearly in Va.^-Cath. The court 
held as follows: 
35 U.S.C. § 112, first paragi-aph,: requires a 
"written de.scription of die invention" 
wliiph is separate and distinct from the en- 
ablement requirement. The purpose of the 
"written description" requiremem is 
broader than to merely explain how .to 
"make and use"; the applicant must also 
convey with reasonable clarity to those 
skilled in the art that, as of the filing, date 
sought, he or she .'. was in possession' o/ i/ie 
invention. The invention is, for purposes of 
the "written description" inquiry, whatever 
is now claimed, ' ' ' ' 'Z 

Vas-Cath, 935 R2d at 1563^54 (emphasis in 
original). Thus, the test to determine if ah ap- 
plication is to receive the benefit of an earlier 
filed application is whether a person of ordi- 
nary skill in the ai't would recognize that the 
applicant possessed what is claimed in the 
later filed application as of the filing date of 
the earlier filed application. An earlier appli- 
cation that descrites later-claimed genetic' ma- 
teria! only by a statement of function or result 
may be itisufllcient ro meet the written de- 
scription requirement. See Regents,. -119 F.3d 
at 1566. This court has held that a description 
of DNA " 'requires a precise definition, such 
as by structure, formula, chemical name, or 



physical properties,' not a mere wish or plan 
for obtaining the claimed chemical inven- 
tion." Id. (quodng Fieri- v. Revel, 984 F,2d 
1164, 1170. [25 USPQ2d 1601] (Fed. Cir. 
1993)). Therefore, this court has held that 
statements in the specification describing the 
funcdonal characterisdcs of a DNA molecule 
or methods of its isolation do not adequately 
describe a partictiiar claimed DNA sequence. 
Instead "an .adequate written description of 
DNA requires more than, a mere statement that 
it is part of the mvention and reference to a 
potential method for isolating it; what is re- 
quired is a description of the DNA itself." Id. 
at 1566-67 (quoting Fiers, 984 F.2d at 1171). 
It should be noted, however, that this coiut in 
Vas-Cath warned that each case involving the 
issue of written description, ".must be decided 
on its owri facts. Thus, the piecedeiiiial value 
of. cases in' this area is extremelv limited." 
Vas-Cath, '935 F.2d at 1562 (quoting In re 
Driscoll, 562 F.2d 1245, 1250 [195 USPQ 
434] (C.C.RA, 1977)). 

Indeed, the court in Enzo Biochem v. Gen- 
Probe, ,Inc,, 323 F3d 956, 964 . (Fed. Cir. 
2002) ("Enzo Biochem. If ), stated that "the 
written description require iticiil would be met 
for all of the claims [of the patetit at issue] if 
the functional characterlsric of [the claimed 
inventioii was] coupled with a disclosed cor- 
relation between that function and a structure 
that is sufficienrty known or disclosed." Also, 
the court held that one might comply with the 
written description requirement by depositing 
the biological material with a public deposi- 
tory such as the American Type Culture Col- 
lection ( ■'.A,TCC"). /,./. ai 970, The court prof- 
fered an example oi' an invention successfully 
described by its functional characteristics. The 
court stated: 

For example, the PTO would find compli- 
ance with 112, paragraph 1, for a claim to 
an isolated antibody capable of binding to 
antigen X, notwithstanding the functional 
definition of the antibody, in light of the 
well defined structural characteristics for 

■ the five classes of antibody, the functional 

■ characteristics of antibody binding, and the 
•fact that the antibody technology is well de- 
veloped and mature. 

Id. The court adopted the USPTO Guidelines 
as persuasive authority for the pjopositioH that 
a claim directed to "any anfilbody which is ca- 
pable of binding to antigen X" would have 
sufficient support in a written description that 
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disclosed "fully characterized antigens." Syn- 
opsis of Application of Written Dcscfipuon 
(.iuirtelines, af 60, available at hUp;// 
www,uspto,gov/we.bAiienu/writlen.pdl Uasi 
vj6iU'd hr\. i6, 20iB) (citiphas,'. i ddvd- 

fl] Thcixiforc, based on our prcLcdcm, 
Hi long as an applicant has disciosL'd a "ful!^' 
characterhad antigen," cither hy us slTucl;i.irc, 
formula, chemical name, or physical proper- 
ties, or by depositing the protein in a public 
depository, the applicant can then claim an an- 
tibody by Its binding attlnity to that described 
antigen. 

[2] Noelle did not provide sufficient support 
for the claims to the human CD40CR anti- 
body m his '480 application because Noelle 
failed to disclo.se the structural elements ol 
human CD40CR aruibody or antii;en m Ins 
eaiiier 799 application. Noelle argues that be- 
cause antibodies are defined by their binding 
affinity to antigens, not their physical struc- 
ture, he suflBcientiy described human 
CD40CR antibody bv stating that U binds to 
human CD40CR'.iniut i \'i,flU- utc- Enzo 
Bwchern 11 tor this proposition. This argument 
fails, however, because Noelle did not suffi 
ciently describe the human CD40CR antieen 
at the time of She filing of the 799 patent ap- 
plication. In fact, Noelle oniy described the 
mouse antigen when he claimed the mouse, 
human, and genus fonn.s of CD40CR antibod- 
ies bv citme to the ATCC tiiimbcr of the hy- 
bridomu secreting the mouse CD40CR anti- 
body. If Noelle had sulficientiy described the 
human form of CD40CR antigen, he could 
have claimed its antibody by simply stating its 
binding affinity for the "fully characterized" 
antigen. Noelle did not describe human 
CD40CR antigen. Therefore, Noelle at- 
tempted to define an unknown by its binding 
alSnity to another unknown. As a result, No- 
elle's claims to human tonus ol (:D4{)CR an- 
tibody found m his 4t.ij application cannot 
gain the benefit of die earlier hiiiig date of his 
.799 patent application, 

Moreover, Noelle cannot claim the genus 
form of CD40CR antibody by simply describ- 
ing mouse CD40CR antieen, Noelle cites 
Staeheiin v. Secher. 24 i ^ P g : J I ^ ; ^ ]?]^) 
(Bd. Pat. App, & Int S,- -. I'J ,, a. ^up- 
port for his argument tiiai he lias nglus to the 
genus form of CD4()CR antibody, in Siaene- 
Im. Dr. Secher had developed a hybndoma 
that produced a monoclonal atttilKKiy (argeict! 
to an antigen unavailable in pure form. Id: The 



antigen was human leukocyte mterteron Id 
In Secher's foreign application, he had re- 
ported the isolation of a hybridoma-secreting 
antibody to human leukocyte interferon, id. in 
his subsequent U.S. apphcation, Secher 
claimed the genus form of the antibody, id at 
1520. The Board held, "Secher's ■ disclosure 
. . . would have reasonably conveyed to a per- 
son possessing ordinary skill m the art that 
Secher possessed the genus later claimed hy 
them in their U.S. application m the sen-ie of 
35 U.S.C. 112, first paragraph." Id. The Board 
held it is not necessary to describe the exact 
details for preparing eve 1} ^.pccie-, 'nt.-..- m, 
genus in order to claim the genus. M. (eitiBg 
"utter V. Hiraga, 845 P. 2d 993. 99R [6 
USPQ2d 1709] (Fed. Cir. 198S)), Thus, Niv 
elle argues, the disclosure m his previous 799 
application of the mouse form of CD40CR an- 
tibody was sufficient to support his laier geims 

Noeile's reliance on Staehelm is misplaced 
First, It IS a decision from the Board of Patent 
Appeals and Interferences which may be per- 
suasive but It IS not binding precedent on this 
court. Second, the Board in Staeheiin citcil 
Utter to supfjorl the proptisitiois thai a pa(tn 
tee need not cite every species or ;m antibody 
m order to claim the genus of that antibody. In 
Utter, this court held that not every species of 
scroll compressor used in air conditioners 
must be described in order for a genus claim 
to meet the written descnpiion requirement. 
845 F.2d at 994. Since the Board's decision in 
Staeheiin. this court has subsequently held 
that a patentee of a biotechnological invention 
cannot necessarily claim a genus after only 
describing a limited number of species be- 
cause there may be unpredictability m the re- 
sults obtained from species other than those 
specifically enumciatcd Sec Enzo Bioihan IL 
323 F3d at 965: Rc^enti. 119 F.3d at 1.56S 
Therefore, to the extent the Board's decision 
in Staeheiin conflicts with our decisions m 
Enza Biochem 11 and Regents, it has been lim- 
ited in applicability. 

The Board was also correct m its delermi- 
nation that the human and genus cl;iiiii.s weiv 
anticipated by Lederman 771 and Amiiiage 
'974. The Board's decision was supported, by 
substantial evidence, and Noelle conceJeJ 
that without the earlier tiling date ot his 799 
apphcation, his claims were indistmguishiible ■ 
from the prior art cited by the .Board.; 



(let-man 

mtigen was human leukocyte interferon. Id. 
'.n Secher's foreign applicatioii, he had re- 
jorted the isolation of a hybridoma-secreting 
intibody to human leukocyte interferon. Id. In 
lis subsequent U.S. application, Secher 
claimed the genus form of the antibody. Id. at 
1520. The Board held, "Secher's disclcsure 
. . . would have reasonably conveyed to. a per- 
son possessing ordinary skill in the ait that 
Secher possessed the genus later claimed by 
them in their U.S. apphcation in the sense of 
35 U.S.C. 112, first paragraph." Id. The Boiird 
held it is not necessary to describe the exact 
details for preparing every species witliin the 
genus in order to claihi the genus. Id. (citing 
Utter V. Hiraga, 845 F.2d 993, 998 [6 
USPQ2d 1709] (Fed. Cir. 1988)). Thus, No- 
elle argues,' the disclosure in his previous 799 
application of the mouse form of CD40CR an- 
tibody was sufficient to support his later genus 
claims. 

Noelle's reliance on Staehelin is misplaced. 
First, it is a decision from the Board of Patent 
Appeals and Interferences which may he per- 
suasive but it IS not binding precedent on this 
ci:)UTl. Second, the Board ift Staehelin cited 
(IttiT L<) supfioi-t the proposition that a paten- 
Ice need not cite every species of an antibody 
in order lo claim the genus of that antibody. In 
Utter, this court held that not every species of 
scroll compressor used' in air conditioners 
must be described in oirder 'for a genus claim 
to nieet the written description requiferiient. 
845 F-2d at 994. Since the Board's decision. in 
■Staehelin, this court has subsequently held 
that a patentee ot a biotechnological invention 
cannot necessarily claim a genus altci onlv 
describing a limited number ol specify, bi:> 
cause there may be unpredictabditv m the re - 
sults obtained from species other than those 
specifically enumerated. See Enzo Biochem II, 
323 F.3d at 965: Regents. .119 F.3d at 1568. 
Therefore, lo the extent the Board's decision 
in Staehelin conflicts with our decisions, in 
Enzo Biochem 11 and Regents, it has been lim- 
ited m applicability. 

The Board was also correct m its detcimi- 
nation: that the human and genus claims were 
anticipated by Lederman 771 and Armitagc 
'974. The Board's decision was supported by 
substantial evidence, and Noelle conceded 
that without die earlier hhng date ot his 799 
apphcation. hts claims were indistinguishable 
from the prior art cited by the Board.. - 
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B. Interference-In-Fact 

Interference proceetlings ate subjected to 
the requirements of 37 C.F.R. §§ 1.601 - 
1.690 (2003), promulgated pursuant to 35 
U.S.C. § 135(a). Eli Ully v. Bd. of Regents of 
the Univ. of Wash., 334 F.3d 1264, 1267 [67 
USPQ2d 1161] (Fed. Cir, 2003). A patent in- 
terference is designed to "determine whether 
two patent applications (or a patent applica- 
tion and an issued patent) ate drawn to the 
same 'patentable invention' and, if so, which 
of the competing parties was first to invent the 
duplicative, subject mattei." Id. (citing Cons- 
ervolite. Inc. v. Widmayer, 21 F.3d 1098, 
1100-01 [30 USPQ2d 1626] (Fed. Cir. 1994)); 
see also 37 C.F.R § 1.601(j).* In order to de- 
termine whether the two parties claim the 
same patentable invention, the USPTO has 
promulgated a "two-way" test, which has 
been approved by this court. Eli Ully, 334 
F.3d at 1270. The two-way test reads as fol- 
lows: 

Invention "A" is the same patentable inven- 
tion as an invention "B" when invention 
"A" is the same as (35 U.S.C. 102) or is 
obvious (35 U.S.C. 103) in view of inven- 
tion "B" assuming invention "B" is prior 
art with respect to invention "A". Invention 
"A" is a separate patentable invention with 
respect to invemion 
"A" is new (35 
obvious (35 U.S.C. !03;- in view of inven- 
tion "B" assuming invention "B" is prior 
art with respect to invention "A". 
37 C.F.R. § 1.60i(n). In order for an 
interference-in-fact to exist, invention A must 
anticipate or make obvious invention B, and 
invention B must anticipate or make obvious 
invention A, thereby meeting both prongs of 
the "two-way" test. Eli Ully, 334 R3d at 
1268; accord Winter v. Fujita, 53 U.S.P.Q.2d 
1234, 1243 (Bd. Pat. App. & Int. Nov. 16, 
1999). The Board in the present case worded 
the two-way test in a different way as follows: 

Thus, for Ledennan to succeed in its mo- 
tion for no interference-in-fact, Lederman 
need only demonstrate that: (i) Lederman 's 
claims are not anticipated or rendered obvi- 

37 C.F.R. §1.601 (j) teatls as foUows: 
An interference-in-fact exists when at least one 
claim of a party that is designated to con-espond to a 
nt and at least one claim of an opponent that is 
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ous by Noelle's remaining "mouse" claims; 

or (ii) Noelle's remaining "mouse" claims 

are not anticipated or rendered obvious by 

Lederman's claims. 
(Emphasis in original). 

[3] Noelle's argument that the Board im- 
properly required a two-way patentability test, 
or, as the Board phrased it, a "one-way dis- 
tinctiveness" test, is without merit in light of 
this court's recent ruUng in EU Lilly uphold- 
ing the Director's two-way test as consistent 
with the language of the regulation. 334 F,3d 
^ 1268. nierefore, the Board applied the 
proper "two-way test." First, it determined 
that "one skilled in the art lacked a reasonable 
expectadon of success of obtaining Leder- 
man's claimed 'human' subject matter when 
provided with Noelle's 'mouse' subject matter 
and using the screening techniques cited by 
Noelle." Although the Board did not have to 
conduct the second prong of the test to find no 
interference-in-fact, it did so anyway by find- 
ing that "one skilled in the art would have 
lacked a reasonable expectation of success of 
obtaining Noelle's 'mouse* subject matter 
when provided with Lederman's claimed 'hu- 
man' subject matter and using the same 
screening methods." Therefore, the Board uti- 
lized the correct test to find no interference- iri- 
fact. 

Noelle's argument that the Board erred in 
its application of the obviousness question in 
the interference-in-fact analysis by ignoring 
the specification in Noelle's '480 application 
is also without merit. Both Ledemian and No- 
elle concede thai die anlicipation portion of 
the interference-in-fact analysis is not an issue 
in hght of the agreed variance between claims 
to mouse versus human forms of CD40CR an- 
tibodies. Thus, only the obviousness analysis 
pursuant to 35 U.S.C. § 103 is left to be deter- 
mined. Obviousness is determined as follows: 
a proper analysis under § 103 requires, in- 
ter alia, consideration of two factors: (1) 
wheUier the prior art would have suggested 
to those of ordinary skill in the art that they 
should make the claimed composition or 
device, or carry out the claimed process; 
and (2) whether the prior art would also 
have revealed that in so making or canying 
out, those of. ordinary skill would have a 
reasonable expectation of success. 
In re Vaeck, 947 E2d at 493. Both the sugges- 
tion and the reasonable expectation of success 
"must be founded in the prior art, not in the 
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; disciostire. kf.; see also In re 
■m. Co., i537 F.2d 469, 473 [5 
f'SPgCd 152^)1 (Fed. Cir. \^m. 

Ttie pajUes agree that a skilled artisan 
would have been motivated to obtain the hu- 
man (:ii4tK:R antibody if the mouse CD4()CR 
HRlibody were avaiiiiblc, 'I'he two pafiies dis- 
agiree, however, as co whctiier rtie nri<ir art 
would provide a reasonable likelihood of suc- 
cess 10 so doing. Theretoic, tlie Ksue before 
us is whether substantial evidence supports 
rhe Board's deicjnnination that one of oidjuary 
skill in the art would not have had a reason- 
able expectation of success of isolating the 
other party's invention given tlie disclosures 
found in the claims. A reasonable likelihood 
of success does not necessarily mean an abso- 
Hifr predictability, hu( raihi-i a feason.iWe e\ 
yectation of sucLess hmiatioudn Phaim \ 
Danbury Phannacal, Inc., 231 F.3d 1339, 
1343 [56 USPQ2d 1641j (Fed. Cir. 2000). 

Noelle argues that the mettiods disclosed in 
his '799 patent application would have pro- 
vided a reasonable likelihood of success for a 
person of ordinary skill in the art to isolate hu- 
man CD40t.'K antibodies using mouse 
CD4(X:R aiitiDodies. Specifically, Noelie ar- 
gues It would have been obvious , to a skilled 
artisan to use the CD40-Ig fusion protein dis- 
closed in the 799 application as a screen to lo- 
cate, within a hybridomal library, monoclonal 
antibodies that specilicallv hind to human 
ui I ui . Hib -n.Liit;, j.LTu.-s (he 
Boaid in u,. I n n I ihis pi.thod ol an- 
tibody isolation merely because it was dis- 
closed in Noelle 's written description as op- 
posed to Noelle's claims. 

[4] The Board correctly found no 
mtcrference-ni-fact between Noelle's claims 
mJ II ,1 , .l*m,> riisl Mk Bciid was 
I 'iii^Li 1 I n ' ( I , r| u J \(it Ik s method-, of 
isolaiion of human CD4ntR antigen using 
CD40-[g found in his '799 specification be- 
cause the methods were neither part of the 
|:anK^^• inveiili.m', noi "piioi arl"' USFfO 
rules establLsh that an iiiterforcnce in-fact ex- 
ists when both parties clamt the "same patent- 
able invention." 37 C.KR. Jj L60Kn). A pat- 
entee's invention is only lound m a patentee's 
clainsi. unk"-s the palerUcc u.^-ov ^utlicienl 
means-pius-tunction language to invoke 35 
b.S.C. §112, paragraph (6). fhus. ij" ihc 
Board i.vi lo compare two mventions, the Board 
must only compare the parties' claims; Noelle 
does not claim a method of isolating CD40CR 



antigens CD40-Ig, ( 
self ObMousI>, If ce 
I edeimatiX claims w 



the receptor CD40 i;. 



e ambigiic 



n Noellt 
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icsort to the stiecilication or other sources to 
deiine those terras; however, it is unnecessary 
here as none ot the terms in the claims are am- 
biguous. Therefore, Noelle cannot rely on a 
method ot isolating human CD4UCR ami sen 
using CD40-Ig in order to prove ohviousness 
between his inventson and Lederman's inveii 
lion because the method is not claimed 

Second, the Board's determhiation win su" 
ported by substantial evidence because a per 
son of ordinary skill m the art, given the staie 
of prior art at the time ot the 799 tiling, would 
not have had a reasonable likelihood of suc- 
cess m isolatmg human CD40CR antibodies 
from the mouse CD40CR antigen and its anti- 
bodv. Noelie argues that one skilled in the art 
would have had a reasonable likelihood of 
success in raanufacturmg a set of hybridomas 
that secrete monoclonal antibodies to acti- 
vated human helper T-cell surface antigens. 
Noeile, as outlined previously, cited three dif- 
ferent screemng methods disclosed in hi^i 
specification that would Lsolace die desired hy- 
bndonias and their antibodies, i he first two of 
Noelle's propo.sed screening methods require 
the use of CD40Ig. As the expert testimony of 
Dr. Aruffo, the named inventor in the patent 
claiming CD40-lg, indicated to the Board, ir 
would have been unpredictable and unreason- 
able 10 c.\pcct a skilled artisan to firoduce 
CDAO-lg given the state ot the art at the time. 

Finally, Noelle's expert w.uness. Dr. Clark, 
addressed the third and final proposed screen- 
iug method. Dr. Clark declared that, given tlie 
mouse form of CD40CR anUhody or CD40.1g 
and the utilization of expression cloning meth- 
ods available ai the time, a person of ordinary 
.skill in the art would have had a reasonable 
expectation of success tn isolating the human 
lorm of CD40CR antigen. Armitage, however, 
during the prosecution ot his '7(13 application, 
stated that the use of expression cloning could 
not have reasonably led to successlui isolation 
of human CD40CR antigen- 
After examming the iei.oid as a whok \h 
conclude there was sub.stantial evidence to 
suppoit the Board's decision The Boaid s Jf- 
cision s\as teasonablc m that, gncn the -ia!e 
of the ait in the eailj 1990s as desciibeiJ by 
the expert witnesses, a person of ordinary .skill 
m the art would not have had a reasonabk: 
likelihood of success in isolatmg human 



APPEAL BRIEF Serial No. 10/520,0 



Evidence Appendix (s) - 



69 USPQ2d 



liigens CD4(1 ig oi the leceptoi CD40 jt 
II OhMousIs it i-utun tesms in Noelk s «t 
"derman s clinns weit dmbiguous \\t tould 
sort to the speLiliLdtion oi oihei soun^es to 
;hnis those terms: however, ii is unnecessary 
;re as none oi the terras m the claims are am- 
guous. Theretore, Noelle cannot rely on a 
ethod ot isolating human CD40CR antigen 
;ing CD40-Ig in order to prove obviousness 
itwecn his invention and Lederman's mven- 
m because the method is not claimed. 

Second, the Board s determination wa.*; .sup- 
irted bv substantial evidence because a per- 
■n of ordinary skiU in the art, given the state 

prior art at the time of the 799 filing, would 
)t have had a reasonable likelihood of suc- 
ss m isolating human CD40CR antibodies 
3m the mouse CD40CR antigen and its anti- 
)dv. Noelle argues that one skilled in the art 
3uld have had a reasonable hkelMiood ot 
ccess in manutactuniig a set of hybndomas 
at secrete iisonoclonal antibodies to acti- 
.ted human helper T-ceil surface antigens. 
Delle. as outlined previou.sly. cited three dif- 
rent screenma methods disclosed m hia 
L iln itHmthiH nnkli ol lit lilt dtMiLdh 
id inu III i ihai intiixdiL IIil fiivr Iwu o! 
)elle s jiroposed screenina methods require 

ti.sc oi CD40Ig. As the expert testimony of 
r. Arutfo, the named inventor in the patent 
iirnms CD40-Ig, indicated to the Board, it 
luld liave been unpredictable and u 
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Findh N .elie s expiil \ llne^ Dl Claik 
diessed the third and hnal proposed scresn- 
; tneihod. Dr. Clark declared thai, ijiven the 
Hise form of .CD40CR antibody or CD40-Ig 
d the utilization of expression cloning meth- 
s available at the time, a person of ordinary 
ill 111 the art would have had a reasonable 
pectation of success m isolating the human 
-m ot CD40CR antigen. Armitage. however, 
laii llic jiosi cMtiui ot his 70^ app'iLation 
ted that the list ot tKpi Mon cloning touid 
t have reasonablv led to successful isolation 
human CD40CR antigen. 
After examining the record as a whole, we 
nclude tnere was substantial evidence to 
sport the Board's decision. The Board's tls- 
lon was reasonable in that, given the state 
the ait m She earh lyWs as dcscnbed b\ 
s expert witnesses, a person ot ordinarv skill 
the art would not have had a reasonable 
ehnood of success in isolating human 



CD40CR antigen given n 



CONCLUSION 
For die foregoing reasons, the decision of 
the Board rejecting claims 51, 52, 53, 36, 59, 
and 60 of Noeile's U.S. Application No. 08/ 
742,480 is affirmed. The decision of the Board 
granting Lederman's preliminary motion of no 
interference-in-fact is also affirmed, 

AFFIRMED 
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[1] Rights in copyriglit; inMngcment — In 
general (§ 213.01) 

Copyright intnngement resulting from in- 
sured homehuijder's construction of house 
based on copjTighted plan,?, without copjTight 
owner's permission, constituted "advertising 
injury"' caused by -otfense committed in the 
course of advcrtisijig" homebuilder's goods 
and services ihai obligated defendant insur- 
ance company, pursuant to terms of commer- 
cial general liability policy, to defend home- 
builder in infringement action brought bv 
copyright owner, since buildei 's placemen!: of 
sign bearing its name outside heme site dur- 
ing consiruction constituisl ,kw,:ii;. m 
that sign was designed to garner business and 
directed its iTies.sage at public,, since home 
construction was necessary part of that adver- 
tising, and policy does not limit coverage to 
cases in which offense predominantly func- 
tions as advertising, and since. copyright own- 
er s failure to explicitly seek damages stem- 
ming from home's role as advertising did not 
obviate coverage; ^ 



Appeal from the Missouri Cii-cuit Court, 
Cole County, Kinder, J. 

Action by Kirk King, King Construction 
Inc., and American Family Mutual Insurance 
Co, against Continental Western Insurance 
Co. for breach of contract and vexatious re- 
fusal to provide insurance coverage in connec- 
tion with copyright infringement action 
brought by third party against plaintiffs Kirk 
King and King Construction Inc. Defendant 
appeals from trial court's judgment that defen- 
dant had duty to defend plaintiffs in copyright 
suit. AfBrmed. 

Mark A. Ludwig, of Carson & Coil, Jeffer- 
son City. Mo., for plaintiff-respondent. 

Brian K. Francka, of Schreimann, Rackers. 
Francka & , Blunt, Jefferson City, for 
defendant-appellant. 

Before . Ellis, chief judge, and Lowenstein 
and Holliger, judges, 

Lowenstein, J. 

Continental Western Insurance Company 
appeals from the judgment of the trial court 
holding that. Continental had a . duty to defend 
Kirk King and King Construction, .Inc. (col- 
lectively "King"), in a copyright- 
mtringement suit filed against the two. Conti- 
nental insured King under a commercial .cen- 
eral liability policy. Plaintifl-Respoiident 
King, a custom homebuilder was sued for u,s- 
ing a copyrighted house plan as its own. The 
Continental policy covers "advertising inju- 
nes" caused by an offense (infringement of 
copyright) committed in the course of adver- 
tising the insured's products. This ca.se pivots 
on whether the placing of a sign bearing the 
builder's name next to a construction site of 
the builder constitutes advertising within the 
meaning of the insurance policy. Continental 
argues that the trial court erred in concluding 
that it had a duty to defend and to indemnify 
King and that American Family Mutual Insur- 
ance Company (American Family), the prede- 
cessor insurer of King, must split the defense 
and indemnification costs. This court rejects 
both points. . 

/. Facts 

William Wiley sued Kirk King and King 
Construction, Inc. (and other parties not iiiv 
portant to this appeal) for copyright infringe- 
ment in violation of 17 U.S.C. §§ 101 et seq. 
Wiley alleged that King had "knowingly, in- 
tentionally and willfully copied Wiley's 
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Ail Cateqories Caibiochcm s Antibodies ;> PrirnaryAntl-torfJes » Other 
Anti-PTHLH 

Anti-Parathyroid Hormone-Like Protein 
Anti-Paratiiyroid IHormone-Reiated Protein 
Anti-PTHrP 

Host: Rabbit 
Isotype: igG 

Immunogen: a synthetic peptide (AEiRATSEVSPNSKPSPNTK) corresponding to amino acids 34-53 of 
human PTHLP 
Form: Liquid 

Formulation: in 0.05 M sodium phosphate buffer, 0.2% gelatin. 
Preservative: £0.1% sodium azide 

Positive Control: Any renal carcinoma cell line or normal skin 

Comments: Recognizes parathyroid hormone-like protein. Does not cross-react with human PTH. 
Ref.: Thorikay, M., et al. 1989. Endocrinology Mi, 111. Danks, J.A., et al. 1988. J. Bone Min. Res. 3, S214. 
IVIangin, IVI., et al. 1988. Proc. Natl. Acad. Scl. USA 85, 597. Burtis, W.J., et al. 1987. J. Biol. Chem. 262, 
7151. IVIoseley, J.IVI., et al. 1987. Proc. Natl. Acad. Scl. USASi, 5048. Strewler, G.J.,etal. 1987. J. Clin. 
Invest. 80, 1803. Suva, L.J., et al. 1987. Science 237, 893. Godsall, J.W., et al. 1986. Recent Progress 
Hormone Res. 42, 705. 

Need additional information about this product? Email our Technical Service department at: 
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Additional information is available from the "Tech Resources" 
box in the upper left panel of this page. 

EMD Chemicals Inc. USD list price is displayed (pricing with local distributors may vary). NOTE: In SI 
is based on item availability worldwide. 
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human 



GF08: .Anti-PTHLP CAb-1) Mouse mAb C212-10.7 
PC09: Anti-PTHLP (Ab-2) (34-53) Rabbit pAb 
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m THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of 

MASSFELDER 8t «i. Atty. Ret.: 3865-133 

Serial No. 10/820,085 ^ Qroup: 1643 

Filed: January 5, 2005 Examiner: Gusaow 

For: USE OF PTHRP ANTAGONISTS FOR TREATING RENAL 
CELL CARCINOMA 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sin 

\, Mustapha OULAD ABDELGHANI, do hereby declare and say aa follows: 

1. 1 have reviewed the above-identified application. 1 have also considered the 
documents listed herein. 

2. 1 am currently a Research Engineer (IRI , INSERM), in charge of the 
monoclonal antitxjdy facility at the IGBMC (ILLKIRCH. FRANCE). I hold a Ph D from 
University of Burgundy, DIJON, FRANCE, earned in (1991). 

3. i have been advised by the applicants' French representative that the U.S. 
Patent Office official in charge of the examination of the application has asserted that 
the specification allegedly fails to describe the use of an anti-PTHrP (34-53) antibody. 1 
have been advised by the applicants' FrertchTspresentative that the U.S. Patent Office 
official in charge of the examination of the application has asserted that the 
specification only describes the use of the Ab-2 anti-PTHrP (34-53) antibody which was 
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MASSFELDERetal. 
Application No. 10/520,085 
Rule 132 DECURATION 

available from Oncogene and was used in the specification to exemplify the disclosure 
of the application. 

4. For the reasons detailed herein, I believe that one of ordinary sl<lli in the art 
will appreciate that the applicants described the general use of sq anti-PTHrP (34-53) 
antibody as an antagonist for treating a kidney cancer and were in possession of such a 
method as evidenced by the discbsure of the aboveHdentified specification. 

5. One of ordinary skill will appreciate that an "anti-PTHrP (34-53) antibody" 
refers to an antibody that binds residues 34-53 of PTHrP. Evidence of such 
temiinology may be found, for example, In the following: 

(1) Okada et a! "Immunohlstochemical Localization of Parathyroid Hormone- 
related Protein In Canine Mammary Tumors" Vet Padhol 34: 356-359 (1997) (describing 
an antibody to "PTHrP (1"36)" (page 356 right column), the use of a "commercially 
available rabbit-derived anti-PTHrP (34-53) antibody" (idJ, and the N-termlnus (1*36) 
and midregton (36-1 11) of PTHrP ); 

(2) Verheljen et al, "Parathyroid hormone-related peptide (PTHrP) Induces 
parietal endoderm formation exclusively via the Type I PTH//PTHrP receptor" 
Mechanisms of Development 81 (1999) 151-161 (describing the N-terminus of PTHrP 
as "PTHrP (1-34)" (sei page 151 , left column), the use of the N-temiinai fragment 
"PTHrP(1-34)" and full length version -PTHrP(M4l)" (g§a page 152, right column), 
and fragments spanning amino acids 67-86, 67-94 and 107-139 as •PTHrP(67-86)", 
PTHrP(67-94)" and "PTHrP(107-139)", respectively (geg page 163, left column and 
Figure 1 , and the "Materials" section on page 15^ which describes the source of 
peptides and antibodies)); ' i ' 
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Application No. 10/520.085 ' ' 

Rul9 132 DECLARATION 

(3) Thorilray et 

protein-(1-141): purification and biological characterization of the expressed protein" 
Endocrinology, Vol 124, 111-1 18 (1988) (abstract) (describing tthlP" as a 141 amino 
acid protein designated TTHLP-(1-141)"); 

(4) Fenton et a!., "A oarboxyi-temilnai peptide from the parathyroid hormons- 
reiated protein Inhibits bone resorption by osteoclasts," Endocrinology. 1991 
Oct;129(4):17B2-B (Abstract) (describing a oarboxy fragment of FTHrP as "PTHrP-{107- 
139)"); 

(6) Santos 9t al "Up-regulation of parathyroid hormone-related protein In folia 
aoid-induced acute renal failure" Kidney Inteniational, vol. 60 (2001), pp 982-995 
(describing "anti-PTHRP antibody Ab"2 (Oncogene. Unlondale. NY, USA), [as] 
recognizing the sequence 34 to 63 of human and rat PTHrP" on pago 983); 

(6) Garcia"Ocana etal "Gycbsporlne iHicreases renal parathyroid hormone- 
related protein expression In vivo In the raf transplantation, vol 66, 860-863, No. 6. 
March 27, 1998 (describing "antl-PTHRP antibody Ab-2 (Oncogene, Unlondale, NY ), 
[as] recognizing the sequence (34<53) of human and rat PTHrP" on page 861); and 

(7) Richard, et al. "Humoral Hypercalcemia of Malignancy, Severe Combined 
Immunodefioient/Beige Mouse Model of Adult T-Cell Lymphoma Independent of Human 
T-Celi l-ymphotroplo Virus Type-1 Tax Expression" Am J Pathol. 2001 June; 158(6): 
221 &-2228 (describing "poiyclonai rabbit anti-PTHrP (PTHrP amino adds 34 to 53) 

(1 :100, Ab-2, Oncogene Research Products, Cambridge, MA)"). 

Each of the above^noted references describes fragments of PTHrP by the amino 
acid positions, in parentheses, as recited in the above-Identified appileation. 
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The foilpwjng. references, for example, make eimllar reference to fragments of 

PTHrP: 

(A) Burtonet al., "Parathyroid hormone related peptide can function as an 
autocrine growth factor in human renal cell carcinoma" 1990, Biochemical and 
Biophysical Research Communications, Vol. 187, No. 3, pages 1134-1138; 

(B) Ogata etal(EP1 197225); 

(C) Hoare et al "Specificity and stability of a new PTH1 receptor antagonist, 
mouse TIP(7-38)" Peptides, 2002, vol 23, No. 5, pp 989-998; and 

(D) Sato et at (U.S. Patent No. 6,903,194), 

6. .Sato et al describee "Humanized anti-PTHrP (1-34) Antibody" in Figures 13 

and 14. Moreover, Sato et af describes the use of a fragment ''[PTiHrP(1-34)]" as an 

antigen to produce antibodies as follows: 

"PTHrP used for the immunization of animals includes 
peptides having the whole or part of the amino acid 
sequence of PTHrP prepared by recombinant DNA 
technology or chemical synthesis, and PTHrP derived from 
supematants of cancer ceils causing hypercalcemia. For 
example, a peptide [PTHrP{1-34)] comprising the 1st to 34th 
amino acids of the known PTHrP (Kemp, B. E. et al., 
Sdenoe (1987) 238, 1568-1570) may be used as the 
antigen." §§a, column 7, tinea 48-55 of Sato. 

Further, Sato describes antibodies binding human PTHrP aa "anti-tiuman PTHrP 
antibodies" and generally antibodies which bind PTHrP as "Anti-PTHrP Antibody", i§£ 
column 10, last Hne, column 22, line 58, and, for example, column 23, tines 25 and 37- 
38 of Sato. r . * ' 
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7. One of ordinary eidll ln the art win appreciate that "an antl-PTHrP (34-63) 
antibody" is a general recitation of an antibody which binds to the fragment of PTHrP 
spanning amino acids 34-53. 

8. The above-Identified specification describes the following as examples of en 
anti-PTHrP antibody which may be an antagonist according the disclosure: the antl- 
PTHrP(1 -34) antibodies (human, rat) of Bachem (Bachem Biochimie Sari, Voisins-le- 
Bretonneux, France), the anti-i=>THrP(34-53) antibody (Ab-2, human) of Oncogene 
(France Bioohem, Meudon, France), the antibody #23-57-137-1 (described in particular 
in the patent application EP11 97225) and the anti-PTHrP(107-139) antibody (human) 
obtained by conventional methods of antibody preparation. See page 9, lines 1 0-1 5 of 
the above-identified specification. One of ordinary slcili in the art will further appreciate 
from, for example, page 21, line 31 ("anti-PTHrP (34-53)"). page 17, lines 26-28 (The 
anti-PTHrP(34-53) antibody (Ab-2, human) was obtained from Oncogene (France 
Biochem, IVIeudonm France) and the anti-PTHrP(l07-l3g) antibody (human) was a gift 
of Dr. P. Esbrit (Fundaclon, Jimenez Diaz, Madrid, Spain)") and page 27, line 1 (Int. 
region: antl-PTHrP (34-53) antibody (Ab-2, Oncogene) 2 ^g/ml") of the specification, 
that the above-identified specification describes the use of anti-PTHrP antibodies from 
a number of sources as exemplifications of anti-PTHrP antibodies which bind to the 
amino acid fragment described numerically in parentheses (i.e., fragments of PTHrP 
spanning amino acids 34-53 and 107-139 in the above-noted passages), 

9. The above-identified epeclfication describes in the background section the 
previous experiences in the art with anti-PTHrP antibodies and that the above-Identified 
application provides a therapy based on the use of PTHrP antagonists to treat patients 
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affected by dear cell carcinoma (COC). ggg page 5, last paragraph of the 
specification. PTHrP antagonists are described in speoifioation as including 
compounds which decrease the biological effect or effects of PTHrP and can include a 
compound t>inding the PTHrP receptor which partially or wholiy Inhibits binding of 
PTHrP to its receptor. These antagonists are described as including peptides of PTH 
or PTHrP comprising a substitution or deletion of at least one amino acid of the 
sequence of the PTH and orthe PTHrP, or a partial sequence of the PTH or PTHrP 
peptides, optionally oomprislng a substitution or a deletion of at least one amino acid of 
their sequence. SSS. page 7, lines 3-14 of the specification. 

10, The above-identified specif Ication further describes that specific examples of 
antagonist compounds binding the PTHrP receptors according to the invention Include 
PTHrP (3-34), PTHrP (7-34), PTHrP (8-34), PTHrP (9-34), PTHrP (10-34), the amides 
or variants thereof. Variants present a replacement, a deletion or an addition of at least 
one amino acid such as m particuiar (AsnlC-l^ul 1, D-Trp12) PTHrP (7-34) amide 
(human or murine). One of ordinary skiil in the- art will appreciate that TTHrP(3''34)", for 
example, is a peptide containing the amino acid sequence of amino acids 3 to 34 of 
the PTHrP peptide. The specification further describes that among the above- 
described polypeptides, are also included those which present a deletion, a 
substitution, an addition or an Insertion of at least one amino acid of the peptide 
sequence of PTH or PTHrP and which have an antagonist activity in respect of PTHrP. 
The specification further describes a derivative of TIP (tuberoinfundibular peptide) as a 
PTHrP antagonist, such as truncated peptides of TIP(1-39) (tuberoinfundibular 
peptide 1-39), in particular TIP(7-39) and Its derivatives which have been described as 
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powerful RPTH1_antagontet8_(Hoare^ al,_Pepticles 23 : 989-898, 2002). Sjge page 7, 
lines 14-20 of the specification. The specification further describes that the PTHrP 
antagonist according to the application may be a non-peptidic compound. £££ page 7, 
lines 27'<29 of the specification. 

11. The above-identified specifioation describes that a PTHrP antagonist 
according to the description can be a compound binding a ligand of th@ PTHrP 
receptor, thereby partially or even totally Inhibiting the binding of PTHrP to its receptor. 
This compound can be selected from anti-PTHrP antibodies and, more preferably, a 
humanised antl-PTHrP antibody. page 7, lines 30-33 of the specification. 

12. The specification describes that a PTHrP antagonist according to the 
invention can be a compound increasing th6 presence of active VHL. thereby 
decreasing the bioiogical effect or effects of PTHrP, such as a product of the tumour 
suppressing gene VHL, which can be obtained In particular by gene therapy. The 
specification further describes that a PTHrP antagonist according to the invention can 
be a compound reducing the expression of PTHrP, This compound can bind mRNA or 
the gene of PTHrP, inhibiting, partially or even totally the expression of PTHrP. This 
compound can be for example an antiaense oligonucleotide of PTHtp, a RNAI, a 
transcription factor repressing the expression of the PTHrP gene or a compound 
decreasing the stability of the mRNA of PTHrP. Sas. page 8, lines 1-11 of the 
specificBtlon. 

13. The specification describes that several kinds of PTHrP antagonists such as 
defined throughout the specification can be used for the treatment of i<idney cancer. 
The specification describes, for example, a method of treatment including gene therapy 
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and the administration of a PTHrP antagonist such as an antagonist of the PTHrP 
receptor or an anti-PTHrP antibody. SsSt page 8, lines 12-17 of the specification. 

14, Antagonists are further described in the specification as including a 
compound, such as an anti"PTHrP antitxxiy, which Inhibits the binding of a ligand, such 
as PTHrP, to a PTHrP receptor, Examples of anti-PTHrP antibodies Include antibodies 
such as a humanised antibody, a human antibody, a chimeric antibody, an antibody 
(such as the antibocfy #23-57-137-1 (which binds PTHrP(1-35) §g£ Esalcl et at "The 
selection of therapeutic antibodies by kenetic analysis" Biocore Journal - Number 2 
2002, pages 7-8)) obtained from a hybridoma (such as the hybrldoma #23-57-1 37-1 ) or 
a fragment of an antl-PTHrP which Inhibtts binding of a ligand to the receptor and/or a 
modified form of such a fragment. The antibody can be polyclonal or monoclonal, ggg 
page 8, lines 23^1 and page 9, lines 4-9 of the specifioatlon. 

15, TTie above-Identified specification describes the following as examples of an 
antl-PTHrP antibody which may be an antagonist according the disclosed invention: the 
antl-PTHrP<1"34) antibodies (human, rat) of Bachem (Bachem Blochlmie Sari, Vdslns- 
le-Bretonneux, France), the antl«PTHrP(34-S3) antibody (Ab-2, human) of Oncogene 
(France Bioohem, iVIeudon, France), the antibody #23-67-137-1 (described In particular 
in the patent application EP1197225) and the antl-PTHrP(107-139) antibody (human) 
obtained by conventional methods of antibody preparation. page 9, lines 1 0-1 5 of 
the above*identified speclficBtion. 

1 6, The specification further describes the use of fragments of PTHrP as 
antigens to produce antl-PTHrP antibodies in mammals, euch as a rodent (e.g., mouse, 
rat or hamster), a rabbit or a moni<ey. Ss§ page 9, line 29 through page 10, line 4 of 
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the specification. Production of antl-PTHrP antibodies from human ceils Is also 
described. S§f, page 1 1 , lines 16-26 of the specification. Recombinant antl-PTHrP 
antibodies are described. See page 1 1 , line 27 through page 12. line 2 of the 

specification. 

17. Page 14, lines 1 2-14 of the specification describes the results of Figure 4 of 
the specification as showing the "effect of the antibodies against the various regions of 
PTHrP on the proliferation of the tumor ceils 786-0 in Wf/o measured by the number of 
cells... ". Figure 4 describes these •regions" as "N-term", "Region inf and "C-term". 
The specification further defines these regions as follows (see page 26, line 33 through 
page 27, line 2 of the specification): 

•N-term; antr-PTHrP(1-34) antibody (Bachem) 1.5 ug/mi 

Irrt. region: anti-PTHrP (34-53) antibody (Ab-2, Oncogene) 2 pg/ml 

C-term; antl-PTHrP(1 07-139) antibody (P. Esbrit, Madrid, Espagne) 5 MS^ml" . 

1 8. One of ordlnaty sl<ill in the art will appreciate that Figure 4 of the 
specification describes results of antibodies binding to regions of PTI-IrP generally, 
which are described as being applicable to any anti-PTHrP antibody binding the noted 
region of PTHrP, and ans considered a demonstration of the appticanta disclosure and 
description of the fnvention, 

1 9. Figure 6 of the specification similarly deaerlbea reautts relating to anti-PTHrP 
antibodies which bind to regtons "N-terni* (I.e., PTHrP(1-34)), "Region int." (i.e. PTHrP 
(34-53)), and "C-term- (I.e., PTHrP(107-139)) of PTHrP. The corresponding description 
of the specification (i.e., page 27, lines 14-23) describes the general appilcablllty of the 
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results of Rgure 6 as representing llie effect of the antibodies directed atyainat the 
difLe-is.n!j[egiQns of PTHrP on the proliferation of the UOK-128 tumor cells In vitro 

20. One of ordinary sl<ili In the art wiil appreciate that Figure 6 of the 
specification describes results of antibodies binding to regions of PTHrP generally, 
which are described as being applicable to any antl-PTHrP antibody binding the noted 
region of PTHrP, and are considered a demonstration of the applicants invention. 

21 . Figure 8 of the specification similarly describes results relating to anti-PTHrP 
antibodies which bind to regions "N-tenn" (i.e., PTHrP(1-34)), "Region Int." (i.e. PTHrP 
(34-53)), and "C-tenn" (I.e., PTHrP(107-139)) of PTHrP. The corresponding description 
of the specification (i.e., page 26, lines 1-12} describes the general applioabllity of the 
results of Figure 8 as representing "the effect of the antibodies direeted a^lnst the 
different regions of PTHrP on the proliferation Of the UOK-1 28 tumor cells In vitro . . .". 

22. One of ordinary m\ in the art will appreciate that Figure 0 of the 
specification describes results of antibodies blinding to regions of PTHrP generally, 
which are described as being applicable to any anti-PTHrP antibody binding the noted 
region of PTHrP, and are considered a demonstration of the applicants invention. 

23. One of ordinary sidil in the art will appreciate, from the whole of the 
specification, that the aF^llcante were In posseasion of the claimed invention, relating to 
the use of aiantl-PTHrP (34«S3) antibody. The specification Is not limited to the 
specific Ab-z anti-PTHrP (34-53) antibody used In the examples. 

I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be tme; and 
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further that these statements were made with the ((nowledge that willful false 

statements and the like so made are punishable by fine or Imprisonment, or both, under 

Section 1001 of Title 18 of the United States Code and that such willful false 

statements may jeopardize the validity of the application or any patent Issued thereon. 

Signed this _27th day of _November , 2008. 



(SIgnsture). 




(print name) Mustapha OULAD ABDELGHANI 



